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CLINICAL QUIZ
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Answers

1. What would be your differential diagnosis for acute kid-
ney injury during acute pancreatitis?

  The differential diagnosis of her acute kidney injury 
(AKI) includes hypovolemia secondary to decreased 
kidney perfusion and increased vascular permeability. 
During pancreatitis, the release of pancreatic amylase 
from the injured pancreas can lead to increased vascular 
permeability, and to the hypovolemic state [1]. In addi-
tion, intra-abdominal hypertension increases the risk 
of AKI during acute pancreatitis (AP). Furthermore, 
inflammatory endotoxins and reactive oxygen species 
can directly act on the kidney to cause inflammation and 
a nephrotoxic effect [2].

  In a recent study, the mortality rate among AP hospi-
talizations with AKI was 2.5%, and AKI almost doubled 

the risk of mortality among pediatric patients with AP 
[3].

  AP as a cause of hemolytic uremic syndrome (HUS) 
is rare and reported in few case reports in both adults 
and pediatrics [4, 5]. Multiple mechanisms have been 
suggested, with the most common one that pancreatic 
inflammation can cause changes in the von Willebrand 
factor and ADAMTS13 which stimulate spontaneous 
binding of platelets, leading to platelet aggregation [5, 6].

2. What additional investigations would you perform?
  Our patient had sudden onset of microangiopathic 

hemolytic anemia (hemoglobin < 10 g/dL), thrombo-
cytopenia (platelets < 150,000/mm3), high serum LDH, 
and AKI. Those are classical manifestations of HUS. 
However, she did not have preceding diarrhea which 
ruled out typical HUS. AP rarely occurs with atypical 
hemolytic uremic syndrome (aHUS) [7–9]. Since there 
was no diarrhea or fever, no infectious workup such as 
a stool PCR was done. She had no neurological symp-
toms and a normal ADAMTS-13 level, which ruled 
out thrombotic thrombocytopenic purpura (TTP). Her 
genetic workup revealed a heterozygous missense muta-
tion (c355G>A, p. Gly119Arg) in exon 3 of the CFI 
gene. This mutation has been published several times 
in association with aHUS [10, 11]. In addition, she had 
a heterozygous missense variant (c2669G>T, p. Ser-
890lle) in exon 17 of CFH (which was determined to be 
a benign polymorphism since no functional defect was 
detected) and another heterozygous, missense variant 
(c3019G>T, p. Val1007Leu) in exon 19 of CFH which 
is also a benign polymorphism. However, this variant 
mutation has been associated with aHUS in the literature 
[12]. Our patient had a normal C3 level of 119 (normal 
range 82–173), we did not get a level of CFI during her 
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admission. Per literature review, plasma C3 and CFI 
concentrations decreased in only 30% of patients with 
CFI mutations and a normal level does not rule out the 
diagnosis of aHUS [12]. The penetrance of the disease 
is low and only 50% of family members carrying the 
same complement mutation will have the disease. For 
that reason, genetic screening is not recommended for 
parents/siblings and other family members of a patient 
with a heterozygous complement mutation [12, 13].

3. How would you further manage this patient?
  The clinical presentation and management of aHUS 

are the same whether the disease is genetic, acquired, 
or caused by an unknown mechanism [13]. Given that 
our patient had pancreatitis, IV hydration and gradual 
return to a regular diet were key to improvement. As the 
patient’s pancreatitis resolved, her AKI then resolved, 
along with increases in hemoglobin and platelet count. 
Likewise, the management of HUS is mostly supportive 
with strict laboratory monitoring to prevent worsening of 
AKI and systemic complications [13]. These measures 
include packed cell transfusion for severe anemia (Hb < 
8 g/dL), platelet transfusion when the count is < 10,000/
mm3, correction of electrolyte disturbances, and avoid-
ance of nephrotoxic medications. Dialysis is required for 
patients who develop anuria, significant fluid overload, 
or become symptomatic with uremia/azotemia. Addition-
ally, outpatient monitoring of kidney and hematologic 
function should persist on a scheduled basis to monitor 
for late worsening of anemia or kidney function.

Mutations in many genes have been associated with 
increased susceptibility for aHUS, these include CFH, CFI, 
MCP, C3, CFB, and THBD (thrombomodulin). For patients 
who have a positive genetic mutation, eculizumab should be 
considered and is often initiated as the first-line agent [14, 
15]. Eculizumab binds to complement protein C5, blocking 
its cleavage and preventing the production of the terminal 
complement components C5a and the membrane attack 
complex (MAC) C5b–9. This decreases the activity of the 
complement cascade and leads to less endothelial damage, 
thrombosis, and AKI. The earlier eculizumab is started, the 
greater the chance of hematologic normalization and AKI 
resolution, along with decreased progression to kidney failure 

[16, 17]. Plasmapheresis has also been used to treat aHUS 
and can be an option for those who decline eculizumab or 
have financial/resource unavailability for eculizumab. It is 
less effective when compared to eculizumab [17].

Fortunately, our patient got better with resolution of her 
symptoms and laboratory findings before starting her on 
medications. She never started on eculizumab as her family 
declined therapy.

Discussion

A gain of function mutation in PRSS1 leads to premature 
activation of the enzyme trypsin which digests the pancreas 
and increases risk for recurrent pancreatitis (Fig. 1). aHUS 
is rare and represents a group of patients who do not show 
infectious diarrhea caused by Shiga toxin-producing E. coli 
O175:H7. Without treatment, it has poor clinical outcomes 
with high morbidity (50% may develop kidney failure), and 
mortality (up to 25%) [13].

Heterozygous mutations predispose children to aHUS, 
but they are often not sufficient to clinically manifest the 
disease due to poor penetrance and other triggers are often 
required. Well-known triggers include infections (including 
recent COVID-19), medications, autoimmune disorders, 
transplants, pregnancy, and metabolic conditions [14].

In 2011, eculizumab was approved by the FDA as the 
first terminal complement blocker for patients with aHUS 
and it showed excellent efficacy and safety in both adult 
and pediatric populations [15, 16, 18]. It is a humanized 
monoclonal antibody that specifically binds to the terminal 
complement protein C5, inhibiting its cleavage into C5a and 
C5b by C5 convertases and thereby preventing the release 
of the inflammatory mediator C5a and the formation of the 
cytolytic pore C5b–9 [17]. Genetic mutation in complement 
regulatory proteins accounts for 60% of all aHUS cases, with 
the remaining 40% of cases having no known identifiable 
causes [13].

Our patient had a pathogenic variant mutation in CFI and 
a benign variant mutation in CFH. CFH in conjunction with 
complement factor I (CFI) competes with complement fac-
tor B (CFB) for C3b binding and accelerates C3 convertase 
decay. The combination of CFI and CFHR-1 or CFI and 

Fig. 1  A gain of function mutation in PRSS1 is associated with premature and continued activation of trypsinogen into trypsin which can cause 
injury or inflammation of the pancreas
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CFH mutations had more severe outcome than other com-
plement mutations [19–21].

Our case was unique because she had both mutation 
in CFI and CFH, which increase her risk for more severe 
presentation without early treatment. However, she had 
mild presentation and recovered spontaneously in a few 
days without starting on eculizumab treatment. (Her par-
ents refused to start her on eculizumab therapy given her 
mild presentation and rapid recovery before we received the 
genetic test results.) Currently, our patient is doing clinically 
well with continued close outpatient monitoring. However, 
she still has substantial risk of recurrence given her com-
bined genetic defect.

To our knowledge, to date, there are no reported cases 
with combined CFI and CFH variant mutations who recov-
ered completely without treatment. Given her genetic results, 
the likelihood of recurrent aHUS triggered by recurrent AP 
is high. As all genetic variants in CFI may not be associ-
ated with a functional defect, and combination with other 
genetic mutations did not affect the severity of our patient’s 
presentation, we were not able to convince her parents to 
start on C5 blockade therapy. We believe that understand-
ing the approach to diagnosis and management of aHUS in 
children is extremely critical as early diagnosis and proper 
intervention might decrease disease morbidity and mortality.
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