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Abstract: Background: The aim of this multicentre retrospective study is to determine the incidence,
etiology, clinical characteristics, and outcomes of kidney transplant recipients diagnosed and treated
for acute pancreatitis. Methods: We analyzed data from kidney transplant recipients who received
kidney allografts between October 1973 and December 2023 and were diagnosed and treated for
acute pancreatitis. Results: Of 2482 patients who received kidney allografts, 10 (0.4%) (5 male)
were diagnosed with acute pancreatitis, with a mean age of 48.6 years. Patients were diagnosed
with acute pancreatitis between 3 weeks and 24 years after the transplantation. Possible etiologies
included cholecystolithiasis, COVID-19, hypercalcemia, postprocedural, use of cannabis, trimetoprim-
sulphometoxasole, statins, sirolimus, tacrolimus and obesity. There was no suspected etiology in
two patients. Patients were treated with aggressive hydration, pain alleviation and antibiotics if
indicated. Four patients developed complications. Local complications included peripancreatic
collections, pseudocyst, and abscesses formation, while systemic complications occurred in the form
of Cytomegalovirus (CMV) reactivation and urinary tract infection. All patients survived with
preserved kidney allograft function. Conclusions: Acute pancreatitis in kidney transplant recipients
is rare. However, it may be linked to significant morbidity and mortality. While symptoms may
be nonspecific and brought on by a variety of viral and non-infectious illnesses, as well as adverse
effects from immunosuppressive medications, a high degree of awareness is required.

Keywords: acute pancreatitis; kidney transplantation; sirolimus; tacrolimus; cannabis

1. Introduction

Gastrointestinal complications are among the leading causes of morbidity and mor-
tality in immunocompromised patients [1], with up to 92% of renal transplant recipi-
ents developing gastrointestinal symptoms ranging in severity from mild diarrhea to
life-threatening problems [2–4]. Numerous coexisting pathologies, which include drug tox-
icity, pathoanatomic processes, diabetes, acidosis and metabolic syndrome, aggravate the
determination of the etiology of gastrointestinal problems. Additionally, the clinical signs
and symptoms of gastrointestinal complications arising after kidney transplantation may
be altered by the immunosuppressive drugs [1,5]. Thus, although frequent, gastrointestinal
symptoms and complications are often neglected by nephrologists [4]. Acute pancreatitis is
a common disease in the general population, which is associated with significant morbidity
and mortality. The incidence of acute pancreatitis varies between 3.4 and 73.4 cases per
100,000 worldwide and has been increasing by 2–5% per year [6–8]. The severity of the
disease ranges from mild abdominal discomfort to a life-threatening condition. In its most
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severe form, acute pancreatitis promotes a systemic inflammatory response with multiple
organ failure and an increased risk of infective complications. Mortality rates at this stage
may approach 30% [9]. Although most of the patients who experience acute pancreatitis
survive the acute disease, many of them may suffer long-term consequences, including
chronic pancreatitis, recurrent episodes of acute pancreatitis [10], and pancreatic insuffi-
ciency (exocrine and endocrine) [11]. Additionally, acute pancreatitis is associated with an
increased risk of pancreatic cancer [12]. Treatment options for acute pancreatitis are still
limited to supportive therapy and are based on aggressive fluid resuscitation [13,14], pain
alleviation, and nutritional support [15]. Currently, no specific therapies are approved for
the treatment of acute pancreatitis. Data regarding acute pancreatitis in kidney transplant
recipients are limited. This multicentre, multinational, retrospective observational cohort
study aimed to describe the clinical characteristics and outcomes of patients with acute
pancreatitis after kidney transplantation.

2. Materials and Methods

Patients with acute pancreatitis or acutization of chronic pancreatitis diagnosed be-
tween October 1973 and December 2023 at University Hospital Centre Zagreb (Croatia),
General Hospital Varazdin (Croatia) and Clinical Hospital Montenegro (Montenegro) were
included in this multicentre, retrospective cohort study. Data were obtained from medical
charts and records. The diagnosis of acute pancreatitis was established according to the
revised Atlanta classification by identifying 2 of the following 3 criteria: (1) abdominal pain
consistent with the disease, (2) serum amylase and/or lipase greater than 3 times the upper
limit of normal, and/or (3) characteristic findings from abdominal imaging [16]. Severity
was determined according to the aforementioned classification, with the presence of per-
sistent organ failure longer than 48 h and/or death indicating severe acute pancreatitis.
Transient organ failure lasting less than 48 h with/without the development of local compli-
cations (acute pancreatic and/or peripancreatic fluid collections, acute necrotic collections,
pseudocyst, or walled-off pancreatic necrosis) is defined as moderately severe acute pan-
creatitis. Organ failure components included in the definition of severe acute pancreatitis
are as follows: shock with systolic blood pressure <90 mm Hg PaO2 less than 60 mm Hg,
indicating respiratory failure, renal failure, and/or gastrointestinal bleeding [16].

Drug-induced acute pancreatitis was defined according to Mallory and Kern: (1) symp-
toms of acute pancreatitis occur after the administration of the associated medication,
(2) clinical symptoms resolve after drug withdrawal, (3) symptoms recur after reintroduc-
tion of the suspect drug, and (4) other causes of acute pancreatitis are excluded [17].

Patients were treated with a triple immunosuppressive regimen (calcineurin inhibitor,
antiproliferative drug, and steroids). The mammalian target of rapamycin inhibitors was
used in patients with malignancies or those with side effects to calcineurin inhibitors. For
induction therapy at transplantation, those transplanted from 2009 who were sensitized or
were receiving a second or third renal allograft received antithymocyte globulin; others
received basiliximab. Since 2009, all patients have received a universal 6-month prophylaxis
with valganciclovir and trimethoprim-sulphomethoxazole.

Age, gender, dialysis vintage, type of dialysis, time of transplantation, immunosup-
pressive protocol, donor type, acute graft rejection episodes, treatment of rejection episodes,
other infections, and graft function were recorded. Detailed clinical characteristics of acute
pancreatitis episode(s) were noted. The following parameters were recorded: length of
hospital stay, need for surgical intervention, infective complication in any organ system,
organ failure requiring support and death.

3. Results
3.1. Patients’ Characteristics

From October 1973 to December 2023, 2482 patients received kidney allograft at our
institutions. Acute pancreatitis was diagnosed in 10 patients (0.4%). There were five male
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patients and five female patients, with the mean age at diagnosis of 48.6 years (ranging
from 24 to 69 years) (Table 1).

Table 1. Patient characteristics.

Patient Age Gender
Primary
Kidney
Disease

Dialysis
Vintage

(mo)

Type of
Dialysis

Time from
TX

Induction
Therapy

Maintenance
IS BMI

1 48 M CPN 10 PD 29 months Basiliximab Tac, MMF, S 27.3

2 53 M Unknown 33 HD 9 years (2. tx) Basiliximab Tac, MMF, S 34.6

3 39 F GN chr 45 HD/PD 24 years None CyA, MMF, S 26.8

4 68 F RPGN 104 HD 16 years Basiliximab CyA, MMF, S 23.7

5 31 M FSGS 17 HD 3 months Basiliximab Tac, MMF, S 19.2

6 33 F ADPKD 30 PD/HD 2 months Basiliximab Tac, MMF, S 18.7

7 69 M Nephroangio 38 HD 103 months Basiliximab Tac, MMF, S 33.1

8 69 F CPN 54 HD 82 months Basiliximab CyA, MMF, S 27.5

9 52 F GN chr / / 240 months None CyA, MMF, S 32.1

10 24 M Unknown / / 21 days ATG Sir, MMF, S 27

TX, renal transplantation; mo, months; ATG, rabbit antithymocyteglobulin; Tac, tacrolimus; CyA, Cyclosporine A; S,
Steroids; Sir, Sirolimus; MMF, Mycophenolate mofetil; M, male, F, female; HD, hemodialysis; PD, peritoneal dialysis;
CPN, chronic pyelonephritis; GN chr, chronic glomerulonephritis without biopsy; tx, transplantation; BMI, body
mass index; RPGN, rapidly progressive glomerulonephritis; FSGS, focal segmental glomerulosclerosis; ADPKD,
autosomal dominant polycystic kidney disease; Nephroangio, nephroangiosclerosis; /, preemptive transplantation.

Two patients had glomerulonephritis without biopsy, two had unknown disease, two
had chronic pyelonephritis, and two had nephroangiosclerosis, while focal segmental
glomerulosclerosis, and autosomal dominant polycystic kidney disease were diagnosed in
one patient each.

Patients received kidneys from two living and eight deceased donors. One patient
developed acute pancreatitis after the second transplantation. The average time on dialysis
was 33.1 months (range 0–104 months). During the pretransplant period, one patient was
treated with peritoneal dialysis, five with hemodialysis, and two with both methods. Two
patients underwent preemptive kidney transplantation.

3.2. Possible Etiology of Acute Pancreatitis

At the time of onset of acute pancreatitis, four patients were treated with cyclosporine,
mycophenolate mofetil, and steroids; 5 with tacrolimus, mycophenolate mofetil, and
steroids, and one received sirolimus, mycophenolate, and steroid (Table 2). Increased
sirolimus trough level and increased tacrolimus through the level at the time of acute
pancreatitis occurrence were recorded in one patient each. Mycophenolic acid concentra-
tions were not determined. Nine patients (90%) received induction therapy with either
basiliximab (eight patients) or antithymocyte globulin (one patient) in their immunosup-
pressive protocol. One patient had an episode of acute allograft rejection treated with three
methylprednisolone pulses in the early post-transplant period. Three patients received
statins at acute pancreatitis (AP) occurrence and three trimethoprim-sulphomethoxasole.
Angiotensin-converting enzyme inhibitor (ACEi) was used by one patient.

Three patients developed acute pancreatitis during acute COVID-19. Hypercalcemia
and the use of statins were recorded in two patients each. Two patients had cholecystolithi-
asis. One patient had a cannabis addiction, and one developed acute pancreatitis after the
endoscopic retrograde cholangiopancreatography (ERCP). There was no suspected etiology
in two patients.
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Table 2. Clinical presentation, complications, and outcome of acute pancreatitis in kidney transplant recipients.

Patient Initial
Symptoms Possible Etiology Amylase/Lipase

(U/L) CNI/Sir Conc Radiological Finding
Length of

Hospitalization
(Days)

Complications Rehospitalization Outcome of AP

1 Pain, nausea Unknown 802/2952 3.9
Parenchymal enlargement,

indistinct pancreatic
margins

10 None No Good

2 Pain COVID, atorvastatin 505/547 6.2

Parenchymal enlargement,
surrounding retroperitoneal

fat stranding, enlarged
lymph nodes

12

Urinart tract
infection

(Morganella
morganii)

No Good

3 Pain, nausea Cholecystolithiasis 672/784 5.2
Surrounding

retroperitoneal fat
stranding

12 days No No Good

4 Pain, nausea COVID/CMV,
simvastatin 490/491 85 Parenchymal enlargement 18 No No Good

5 Pain cannabis,
hypercalcemia 571/641 6.2

Hyperchogenic pancreas,
indistinct pancreatic
margins Pseudocyst,

Surrounding
retroperitoneal fat

stranding

42 No Yes Graft loss,
noncompliance

6 Pain Unknown 731/3181 8.1
Indistinct pancreatic
margins, Pseudocyst

formation
34 Abscesus Yes Good

7 Pain Cholecocholitiasis,
hypercalcemia Unknown 5.6

Surrounding
retroperitoneal fat

stranding
14 No Yes/reccurence Good

8 Pain, nausea Postprocedural
ERCP 2928/3636 96 ug/L

Surrounding
retroperitoneal fat

stranding
6 No Yes Good

9 Pain, nausea,
vomiting COVID 2038/3045 60.3

Surrounding
retroperitoneal fat

stranding, Parenchymal
enlargement

22 CMV reaktiv No Good

10 Diarrhoea Sirolimus 568/905 12.8
Pancreatic enlargement,
indistinct margins and

peripancreatic fat stranding
14 No No Good

CMV, cytomegalovirus; ERCP, endoscopic retrograde cholangiopancreatography.
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3.3. Timing of Acute Pancreatitis

The timing of acute pancreatitis was variable, ranging from 3 weeks to 24 years after
the transplantation. Four patients developed acute pancreatitis within the first three months
post-transplant. Very late-onset acute pancreatitis, occurring 24 years post-transplant, was
caused by cholecystolithiasis.

3.4. Clinical Presentation

Abdominal pain was a dominant symptom that occurred in 9 (90%) patients, while
five patients had concomitant nausea (50%). Only one patient experienced vomiting within
the spectrum of initial symptoms—one patient presented with diarrhea without pain
that occurred later in the course of the disease. Radiological imaging was performed
on all patients. Computerized tomography revealed parenchymal enlargement in five
patients, indistinct pancreatic margins in four patients, and surrounding retroperitoneal fat
stranding in seven patients. Two patients had pseudocysts (one patient with additional
calcifications in parenchyma), indicating previous episodes of acute pancreatitis. One of
them subsequently developed abscesses. One patient had enlarged surrounding lymph
nodes (Table 2).

All patients had elevated serum and urine amylases and lipases. Serum triglycerides
were within normal range in all patients at the time of acute pancreatitis occurrence. Nine
patients had mild acute pancreatitis and one had moderately severe disease requiring
surgical intervention and admission to the intensive care unit.

3.5. Treatment

All patients were initially treated with aggressive fluid resuscitation. Lactated Ringer
solution was used along with analgesic medications and nutritional support. Antibiotics
were used in a patient with a Morganella morganii urinary tract infection and in a patient
with abscess formation. This patient required surgical drainage. Immunosuppressive
therapy was decreased in patients with moderately severe acute pancreatitis and in a
patient with CMV reactivation. Tacrolimus was switched to cyclosporine in a patient with
early post-transplant chronic pancreatitis recurrence. After this conversion, she did not
experience additional episodes for two years when a mild episode appeared after the
nutritional challenge.

3.6. Hospitalization Course, Complications, and Outcome

Most of the patients required 10–14 days of hospital treatment. However, those with
complications were hospitalized for longer periods depending on the severity of the disease.
Four patients developed complications. Local complications included peripancreatic col-
lections, pseudocyst, and abscess formation, while systemic complications occurred in the
form of CMV reactivation and urinary tract infection. All patients survived with preserved
kidney allograft function. However, the patient who developed acute pancreatitis after
ERCP died one year later from sepsis after a Whipple procedure for the treatment of a
mucinous cystic pancreatic tumor.

4. Discussion

The current study examined the prevalence of acute pancreatitis, etiology, and out-
comes in a multicentre cohort retrospective study. We found a low incidence of acute pan-
creatitis in kidney transplant recipients (0.4%). Three patients developed acute pancreatitis
within the first 3 months post-transplant. Possible etiologic factors included gallstones, im-
munosuppressive drugs, statins, trimetoprim-sulphomethoxasole, angiotensin convertase
inhibitors, cannabis, COVID-19, and hypercalcemia. One patient developed postprocedural
acute pancreatitis. Two patients had idiopathic acute pancreatitis. Most of our patients
were overweight. Aggressive hydration was the cornerstone of the therapy. Outcomes were
satisfactory, with a survival rate of 100%. Two patients had sequelae of acute pancreatitis in
the form of pseudocyst formation.
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The majority of the literature on acute pancreatitis in kidney transplant recipients is
based on case reports, which is surprising given the gravity of the issue. The relative rarity
of the disease, presentation masked by the immunosuppressive state, and, possibly, physi-
cians’ underestimation of the problem may all contribute to the scarcity of available data.
The etiology of acute pancreatitis most commonly includes gallstones (40–70%) and alcohol
consumption (25–35%). Chronic alcohol intake may induce a broad spectrum of pancreatic
injury, ranging from mild episodes of acute pancreatitis to chronic irreversible changes.
While only approximately 5% of alcoholics develop clinically evident acute pancreatitis,
it seems that additional risk factors increase susceptibility to alcohol-induced pancreatic
changes [18]. According to Ammann, diagnosis of alcohol-induced acute pancreatitis
should be considered in individuals with at least five years of heavy alcohol consumption
(more than 50 g of alcohol per day) [19]. Other rare possible etiologies include infections,
medications, and metabolic changes (hypertriglyceridemia and hypercalcemia).

Acute pancreatitis was recorded in association with different viral infections (mumps,
coxsackie, hepatitis B, cytomegalovirus, varicella-zoster virus, herpes simplex virus), but
also with bacterial infections (Salmonella, Mycoplasma, Legionella, and Leptospira), para-
sitic infections (Toxoplasma, Cryptosporidium, Ascaris) and fungi (Aspergillus) [20]. Some
of these infective causes may be especially significant in immunocompromised patients
prone to opportunistic infections (20).

Up to 5% of cases of acute pancreatitis are drug-induced [21], and the most frequently
used medications linked to it are atorvastatin, didanosine, azathioprine, and hydrochloroth-
iazide [22,23]. The possible association of different drugs with the development of acute
pancreatitis has been classified into four classes [24]. Drug-induced acute pancreatitis class
Ia drugs include medications with at least one case that has a positive rechallenge with
the exclusion of other potential causative factors such as alcohol, hypertriglyceridemia,
and gallstones. Classified as Ib are drugs with at least one reported case with a positive
rechallenge but without the possibility of excluding other potential etiologies of acute
pancreatitis. At least four reported cases with coincident latency in more than 75% of cases
are required for class II drugs. Class III drugs should include at least two published cases
with no consistent latency time and no rechallenge, while class IV drugs do not fall into
the previously specified classes or have a single case report published in medical literature,
without rechallenge [24].

According to a study by Saini et al., 141 medications have been reported to cause
acute pancreatitis in the literature. However, of them, only 106 drugs were high-quality
case reports [23]. For this reason, they proposed a novel classification. Saini et al. divided
the drugs causing acute pancreatitis into four groups. Randomized controlled trials were
included in class 1, and case–control and pharmacoepidemiologic studies were included in
class 2. Class 3 were high-quality case reports that were further divided into two classes. A
class 3a drug included case reports with a rechallenge and a consistent latency between
drug intake and the occurrence of acute pancreatitis. Case reports with either a rechallenge
or consistent latency are classified as class 3b and class 3 c. Finally, class 4 included high-
quality case reports without reported latency and rechallenge. All other case reports were
considered inappropriate for analysis [23]. In total, 121 medications were found to cause
acute pancreatitis in the literature, according to high-quality case reports. Only three
medications—6-mercaptopurine, didanosine, and azathioprine—had evidence of causing
acute pancreatitis in randomized controlled clinical studies [23]. Angiotensin convertase
inhibitors belong to class 2, cannabis, nitrofurantoin, trimethoprim-sulphamethoxazole to
class 3b, and cyclosporine to class 3c. Tacrolimus was not mentioned in their analysis [23].
Only a few case reports of acute pancreatitis associated with the use of tacrolimus in kidney
transplant patients have been reported [25,26].

Potential drugs implicated in the development of acute pancreatitis in our cohort
include angiotensin convertase inhibitors, cannabis, tacrolimus, and sirolimus in one
patient each, and simvastatin in two patients. Among numerous medications, three patients
received prophylaxis with trimetoprim-sulfometoxasol within the first six months post-
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transplant. Rechallenge was not applied in our patients, thus disabling more precise
classification of possible drug-induced pancreatitis cases. Polypharmacy is most frequently
unavoidable after kidney transplantation due to the complexity of the kidney disease
pathology and the maintenance of kidney allograft function. Many different medications
with their possible interactions further aggravate the precise definition of the individual
drug’s role in the etiology of acute pancreatitis.

Overweight and obesity are highly prevalent among kidney transplant recipients.
They are often accompanied by other chronic diseases including hypertension, diabetes,
and hypertriglyceridemia. Three of our patients were markedly obese, with a BMI above
30 kg/m2. While a BMI higher than 25 increases the risk of severe acute pancreatitis, but
not mortality, meta-analysis demonstrated that a BMI > 30 raises the risk of both severity
and mortality in acute pancreatitis episodes [27]. Experimental studies revealed that obesity
can worsen acute pancreatitis by inducing injury to the intestinal mucosal barrier [28].

Despite being the third most common cause, hypertriglyceridemia as an inducing
factor of acute pancreatitis accounts for less than 5% of all cases. However, patients
who experience hypertriglyceridemia-induced pancreatitis more frequently have a severe
disease course and an increased risk of persistent organ failure. Hypertriglyceridemia
is typically associated with disorders of lipoprotein metabolism and is accompanied by
other conditions, including diabetes, alcohol abuse, or medication use [29]. According
to the literature, serum triglycerides levels should be higher than 1000 mg/dL to be
considered the cause of acute pancreatitis [30,31]. None of our patients had significant
hypertriglyceridemia at the time of acute pancreatitis or during the three months before its
development. However, two of them were treated with simvastatin with adequate control
of their lipid status.

Despite all diagnostic attempts, etiology remains unclear in almost 30% of patients
with acute pancreatitis. According to Guda et al., idiopathic acute pancreatitis is defined as
pancreatitis with unknown etiology after laboratory and imaging tests [32]. Published data
indicate that gallstones, microlithiasis, and sludge are the cause of idiopathic acute pancre-
atitis in most patients with unidentified etiology [33,34]. Finally, acute pancreatitis may be
induced by obstruction of the main pancreatic or biliary duct with a benign or malignant
mass [35]. For this reason, the diagnostic approach in patients with unknown etiology of
acute pancreatitis should include different radiological methods including the contrast-
enhanced CT scan with thin slices or MRI/magnetic retrograde cholangiopancreatography
with endoscopic ultrasound examination.

A growing body of evidence demonstrated a higher risk of acute pancreatitis in pa-
tients with end-stage kidney disease. Autopsy data obtained from 78 long-term hemodialy-
sis patients showed different pancreatic abnormalities in 60%. Acute pancreatitis was the
most frequently discovered condition, occurring in 28% of cases. Additional findings in-
cluded fibrotic changes, hemosiderin deposition, cysts, calcifications, signs of amyloidosis,
and abscess formation [36].

The results of Rutsky et al. demonstrated that the 10-year risk of acute pancreatitis is
2.3% in patients with end-stage kidney disease [37]. Patients undergoing peritoneal dialysis
are more likely than those undergoing hemodialysis to suffer from acute pancreatitis,
according to this research and multiple other publications [37–40]. A possible mechanism
is thought to include exposure to dialysis fluid and increased intraabdominal pressure,
both leading to premature activation of proteolytic enzymes in the pancreas. Clinical
presentation of acute pancreatitis in end-stage kidney disease patients treated with dialysis
are the same as that in the general population. However, amylase and lipase levels might
be falsely elevated in end-stage kidney disease, and for this reason, should be interpreted
with caution.

The amount of data on acute pancreatitis in kidney transplant recipients is scarce.
The estimated risk for the development of acute pancreatitis in this population ranges
between 2.7% and 3.6% [41,42]. The relatively low rate of acute pancreatitis occurrence
in our study (0.4%) compared to the literature could be explained by the large number of
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patients (2482) included in our multicentre, international study. Sinha et al. found 5 cases
among 185 renal transplant patients in their study spanning 10 years [42], while Frick TW
et al. studied a group of 224 patients with a median follow-up of 20 months [41]. The
authors emphasize the unspecified etiologies of acute pancreatitis in this group of patients,
including medication-associated acute pancreatitis and infectious causes, especially viral
infections [42,43]. Interestingly, Chuang et al. conducted a national population-based
retrospective cohort study and discovered that kidney transplant recipients have a risk of
acute pancreatitis up to 3.5 times higher than the general population. Their multivariable
analysis showed that there was a significant link between the risk of acute pancreatitis
post kidney transplantation and alcohol consumption, gall stone disease, and a history
of pancreatitis [44]. David et al. demonstrated a 68% increased risk of hypercalcemia-
associated acute pancreatitis in the kidney transplant population compared to patients
without kidney disease. In their study, this association did not reach statistical signifi-
cance [45]. Hypercalcemia should not be underestimated, as 62% of kidney transplant
patients presented with persistent hypercalcemia [46]. The risk of hypercalcemia can be
decreased with calcimimetics. Hypercalcemia, which is a relatively rare cause of pancreatic
injury in the general population, may be a more significant contributor to acute pancreatitis
in patients with end-stage kidney disease due to its high prevalence [47]. Two of our
patients had significant hypercalcemia requiring the use of cinacalcet.

Over the last few years, COVID-19 has emerged as an important contributor to acute
pancreatitis-associated morbidity and mortality. However, it remains unclear whether the
virus may directly damage the pancreatic cells, although both ductal and islet pancreatic
cells have an abundant expression of ACE-2 receptors. In a meta-analysis of nine studies
that included 3160 patients, elevated mortality rates, increased usage of mechanical venti-
lation and intensive care unit admission, and increased prevalence of severe pancreatitis
with the need for prolonged hospitalizations for acute pancreatitis were recorded among
patients diagnosed with COVID-19 when compared to those without COVID-19 [48]. They
hypothesized that this fact may be the consequence of a higher degree of disease severity
in patients with acute COVID-19, but also because patients have both lung damage and
pronounced acute pancreatitis severity [48]. Although acute pancreatitis was recorded
after vaccination against SARS-CoV-2 [49], the probability of the vaccine as the etiologic
factor of acute pancreatitis is not conclusive. SARS-CoV-2 vaccine-induced pancreatitis is
considered to involve different mechanisms including direct virus-mediated injury, sys-
temic inflammatory response, circulating proinflammatory interleukins, virus-induced
lipotoxicity, and drug-induced injury [50], while possible mechanisms associated with
pancreatic tissue damage may include molecular mimicry, polyclonal activation of lympho-
cytes, activation of self-reactive lymphocytes, and vaccine-triggered release of histamine
and leukotrienes [51,52]. Three patients (33%) from our cohort developed acute pancreatitis
associated with acute COVID-19. We have already published our single-center experience
with one patient who developed acute pancreatitis during acute COVID-19 [53]. However,
in the present multicentre analysis of all acute pancreatitis cases, COVID-19 may have
emerged as an important contributor to acute pancreatitis etiology after kidney trans-
plantation. This result warrants further research. None of our patients developed acute
pancreatitis after SARS-CoV-2 vaccination.

Most acute pancreatitis episodes are mild and require brief hospitalization. However,
approximately 20% of patients experience more severe disease needing prolonged hospital-
ization or even hospitalization in an intensive care unit. Interestingly, most patients who
develop a complicated course of acute pancreatitis initially present with mild disease [54].
For this reason, intensive early aggressive or moderately aggressive intravenous hydration
is recommended [55], with lactated Ringer solution preferred to normal saline solution [14].
Lactated Ringer solution provides calcium [56] that binds with nonesterified fatty acids
that contribute to acute pancreatitis and lactate, decreasing inflammation [57]. Antibiotics
play a crucial role in treating acute pancreatitis, with infectious complications being a
major contributor to morbidity and mortality in these patients. These infections include
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abscess formation (infected pseudocyst), infected pancreatic necrosis, cholangitis, infected
fluid collections, and urinary tract infections. Antibiotics should be given if an infection is
suspected but discontinued once cultures are found to be negative.

There are no formal guidelines for managing acute pancreatitis in kidney transplant re-
cipients. Management principles are typically derived from prior experience with different
groups of patients. The major therapeutic measure is aggressive hydration [13,14]. This mea-
sure may be even more important than in the general population due to the susceptibility of
kidney allografts to prerenal acute kidney injury. Pain alleviation and nutritional support
are important therapeutic measures [15]. Currently, no specific therapies are approved
for the treatment of acute pancreatitis. Several treatments focusing on various aspects of
AP development have been studied in order to advance personalized care; however, they
have not been found to be effective in clinical trials [15,58,59]. Several novel medications,
including anticoagulant dabigatran, monoclonal antibody infliximab, protease inhibitor
ulinastatin, autophagy inhibitor spautin-A41, calcium channel inhibitor CM4620-Injectible
emulsion, stem cells and nanoparticles are still under the investigation [59].

It has been emphasized that most acute pancreatitis cases are mild and self-limited.
However, some patients may develop complications. Local complications include acute
peripancreatic fluid collections, pseudocyst formation, and acute necrotic collections. Pa-
tients may develop splanchnic venous thrombosis and pseudoaneurysm. Systemic compli-
cations range from mild pyrexia to fatal multiorgan failure. They include circulatory shock,
disseminated intravascular coagulation, respiratory insufficiency, metabolic complications
(hypocalcemia, hyperglycemia, hypertriglyceridemia), pancreatic encephalopathy, retinal
arteriolar obstruction, metastasis fat necrosis, and other conditions [60]. In our cohort,
complications were recorded in three patients, including urinary tract infection (Morganela
morganii), abscess formation, and CMV reactivation.

One of our patients developed a relapse of pancreatitis complicated by the develop-
ment of an abscess in the pseudocyst. She was switched from tacrolimus to cyclosporine.
The change in calcineurin inhibitor resulted in significant improvement. However, two
years later, she experienced an additional episode of mild pancreatitis after the nutri-
tional challenge. One patient who developed pancreatitis shortly after the transplantation
had pseudocysts at the initial MSCT examination, indicating either earlier occurrence of
pancreatitis after the transplant or even pretransplant unrecognized pancreatic injury.

Some limitations to our study should be mentioned. By being a retrospective, ob-
servational study, there is potential for selection bias. A low number of patients were
identified with acute pancreatitis. Additionally, some complications may be underreported.
Also, some of the patients with gastrointestinal symptoms may have had concomitant
acute pancreatitis. However, laboratory and radiological analyses were not performed,
and we had no precise diagnosis. Thus, number of patients with acute pancreatitis may be
underestimated. Despite the limitations, this study provides valuable information on acute
pancreatitis in the kidney transplant population, as this is a multicentre study performed
in tertiary centers with adequate therapeutic and diagnostic options.

5. Conclusions

In conclusion, while gastrointestinal symptoms are common, the diagnosis of acute pan-
creatitis may be delayed or even omitted in kidney transplant recipients, resulting in higher
rates of morbidity and mortality. A high level of awareness and a multidisciplinary approach
are essential for enhancing outcomes in this extremely vulnerable patient population.
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