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Summary

The aim of this study was to evaluate the utility of amylase and lipase as reliable pre-
dictive markers for functioning renal grafts, either short- or long-term.

Serum amylase (Amyl), lipase, creatinine (Cr), creatinine clearance (Cr Cl) and 24-
hr proteinuria (Prot) were studied in 190 kidney recipients. The correlation of these
outcomes for each parameter was tested. Sensitivity and specificity of the variables
were obtained in patients with graft failure (GF) and acute cellular rejection (ACR).

Mean follow-up was 66.7 month. Amyl and lipase were elevated 67% vs. 45% in GF
(N=23); 60% vs. 44% in ACR (N=42) patients and were inversely correlated with Cr
Cl (p>.05). Lipase was notably superior to amylase and creatinine; the specificity of
lipase (Amyl, Cr) was 87% (59%, 28%). Increases in amylase were more predictive
in the presence of mild or moderate kidney failure (33% and 52%, respectively).
However, the highest intensity of lipase elevation (39%) was in advanced kidney fail-
ure (Cr Cl <30 ml/min).

Serum amylase and lipase should be used as markers monitoring graft function. For
early detection of graft dysfunction, amylase seems to be superior to lipase.
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BACKGROUND

Impairment of renal function after kidney trans-
plantation (KTx) requires specific diagnostic tools
and is significantly associated with lower graft sur-
vival. For patients with excellent early graft func-
tion, both the urine output and serum creatinine
(Cr) are useful and simple markers to monitor the
occurrence of pathologic events in the allograft.
Rapid declines of the serum creatinine within the
first transplant week indicate excellent graft func-
tion. On the other hand, rise in serum creatinine
is a late sign of kidney damage. Likewise, the se-
rum creatinine proteinuria measured at varying
stages post-transplant is a valuable predictor of
long-term outcome [1-3]. The roles of novel bi-
omarkers — interleukin (IL) -6, IL-1b, cystatin C,
kidney injury molecule 1 (KIM-1) and gene pol-
ymorphism — on delayed graft function are the
most promising topics for studies [4-6]. As an ex-
ample, the rs5498 ICAM1 GG genotype was found
significantly higher in patients with increased risk
of ACR [6]. As for imaging, contrastenhanced ul-
trasonography in the determination of the early
graft dysfunction was reported to be a valuable
diagnostic tool in the post-transplant setting [7].

Among healthy individuals, the pancreas and
the salivary glands account for almost all serum
amylase, up to half from the pancreas and the
remaining from the salivary glands. Serum am-
ylase is increased in at least 75% of pancreati-
tis cases; however, serum amylase measurement
in diagnosing pancreatitis results in the lack of
specificity due to numerous clinical situations re-
sulting in elevated amylase. Although hyperam-
ylasemia is commonly assumed to be due to the
release of amylase into the serum by the diseased
organ, amylase (Amyl) is filtered by renal tubules
and resorbed (inactivated) by tubular epitheli-
um. Therefore, the kidneys can be assumed to
play a major role in amylase metabolism [8-10].

Similarly, lipase is removed from plasma by glo-
merular filtration and, subsequently, almost to-
tally reabsorbed and metabolized by the renal
tubules. Urine of healthy individuals contains
essentially no lipase; however, presence of lipase
in urine is accompanied by proteinuria and sig-
nificant amylasuria [11,12].

During the follow-up, serum amylase elevation
without underlying disease has been observed
in some kidney recipients. Moreover, it was ac-
companied by a creatinine and, though slight,
lipase elevation. In these patients there was not

a known condition that could result in hyperse-
cretion. It was thought that a dysfunction of the
graft might be present. Therefore, the present
study concerning this was planned.

MATERIAL AND METHODS

Patient population

Kidney transplantation has been performed since
1991 at the Institute, with an average of 50 to 60
transplants per year in recent years. The com-
puter database contains patient data beginning
from 1996, therefore, medical records of the 190
consecutive patients who underwent living or de-
ceased kidney transplantation (KTx) at the insti-
tute between January 1996 and January 2007 were
reviewed. Demographic and clinical information
was obtained for each patient. Patients were ex-
cluded if they had diagnosed pancreatitis, serious
infectious diseases, received high-dose (intrave-
nous) steroids. None of the patients in the study
group underwent re-transplantation. All patients
signed informed consent allowing for data col-
lection prior to undergoing KTx. The complete
pre- and post-transplant medical records for all
patients were evaluated. Information regarding
the donors was also reviewed.

Laboratory data

Post-transplant laboratory studies were collected
after an overnight fast at the following minimum
intervals: once monthly between 6-12 months af-
ter KTx, every 3 months between post-transplant
months 12-24, and 6 months thereafter. The rou-
tine laboratory work for post-tx follow-up includ-
ed urinalysis, 24-hour protein urine test (Prot),
serum creatinine, creatinine clearance (Cr Cl),
blood urea nitrogen levels, electrolyte panel,
pancreatic enzymes, hepatic enzyme levels, se-
rum C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), viral status as needed, se-
rum glucose (Glu), and lipid panel.

For the study, serum glucose, Amyl (total amyl-
ase), lipase, LDL cholesterol (LDL-Ch), Cr, Cr Cl,
and 24-hour protein urine tests were considered.
Serum C-reactive protein (CRP) was reviewed as
acute phase reactant.In the study, except for se-
rum glucose, LDL chol and CRP, the main vari-
ables were named as “outcome variables®.

A plasma glucose level >110 mg/dL, LDL —Ch
>130 mg/dL, amylase >110 U/L,lipase >78 U/L,
creatinine >1.2 mg/dL, CRP >2 mg/dL, Cr Cl
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Table 1. Overall characteristics of the study group.

Mean, standard deviation or
Parameters

number and %
Recipient age year (yr) 31.4£10.5, (range 11-63 yr)
Sex, male 138  (72%)
Donor age 48+15.3, (range 9-81yr)

Sex, male/female 86/97 (46.9 %)

Living donor 164  (86%)
Graft failure, back to dialysis 23 (12%)
Re-transplantation 0 (09%)

Rejection 42 (22%)

Death 5 (0.26%)

Follow-up, months (mo) 66.7+37 (range 1.9—162 mo)

Tacrolimus based

I . 95  (54%)
mmunosupression

(yclosporine 53 (30%)
Rapa 25 (14%)

<90 ml/min and proteinuria> 0.015 gr/24 hour
were considered abnormal values. Only test re-
sults from blood drawn the same day were re-
viewed. Amylase and lipase that were elevated
for at least 3 consecutive days were enrolled the
study. Analyses of the variables were performed
at the same laboratory.

Graft failure

Graft failure is signified by return to long-term
dialysis or re-transplantation. Graft survival was
calculated from the date of transplantation to the
date of irreversible graft failure. In the event of
death with a functioning graft, the follow-up pe-
riod was ended at the date of death.

In the institute, protocol biopsies are not per-
formed routinely, and are only done to assess
underlying pathology in the evidence of graft
dysfunction. The Banff classification is used for
diagnosing allograft rejection.

Immunosupression

Immunosuppressive regimen of the institute
consisted of calcineurin inhibitors, mycopheno-
late mofetil (MMF) and steroids. Antithymocyte
globulin (ATG) or IL-2 receptor mAB (dacli-
zumab or basiliximab) are used for induction
in the days immediately after transplant. The

immunosuppression is then switched to cal-
cineurin inhibitors. Steroid was tapered within
2 months of transplantation and lifetime main-
tenance with 5 mg Prednisolone/day.

Statistical analysis

Data were obtained from the unit database.
Statistical analysis was performed using SPSS 17.
Demographic and clinical characteristics are pre-
sented as mean + standard deviation or as per-
centages. The correlation of these outcomes
for each parameter was questioned by using the
Pearson’s correlation. Sensitivity and specificity
of the variables were obtained in patients with
graft failure continuing hemodialysis (HD) treat-
ment and rejection-experienced patients (ACR;
acute cellular rejection) separately. Missing data
were excluded case-wise. A P-value less than 0.05
was considered as appropriate.

RESULTS

Patient characteristics

The clinical characteristics of the patients and
their donors are summarized in Table 1. The
mean age of the entire study population was
31 years (11-63 years), 72% of recipients were
male, and all were Caucasian. Mean donor age
was 48 years (range 9-81 years), and 86% of do-
nors were living donors.

Mean follow-up was 66.7 months (range 1.9 to
162 mo). Five recipients died during the follow-
up. Mortality was attributed to graft failure in 4
of the patients. Twenty-three recipients under-
went graft failure and returned to hemodialysis
treatment. Nineteen (82%) of these patients ex-
perienced at least one episode of rejection. The
1- and 3-year graft survival rates for overall pa-
tients were 96% and 93%, respectively.

Glomerulonephritis was one of the most fre-
quent underlying diseases within the known eti-
ologies in the group.

Metabolic assessment

Serum amylase and the other test results are
shown in Table 2. In the post-transplant follow-up,
Cr-Cl, proteinuria, creatinine and amylase levels
became abnormal in 90%, 84%, 75% and 44% of
the patients, respectively. These were followed by
elevation in serum LDL~chol (29%), lipase (16%)
glucose (11%) and CRP (0.7%) levels.
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Table 2. Post -transplant outcome variables of the study group.

Parameters Number of recipients Abnormal results, N Mean £SD, range Reference range
Glucose, mg/d| 181 21, (11%) 93.4+26.7, (58-330) 74-110
Ldl Cholesterol, mg/dl 182 53, (29%) 110.5+39.5, (24-254) <130
Amylase,U/L 182 81,  (44%) 109+42.0, (37-239) <110
Lipase, U/L 145 23, (16%) 52+29.7, (7-196) <78
Creatinine, mg/d| 189 142, (75%) 2.8+2.8, (0.62-16.1) 0.40-1.20
Cr Cl, ml/min 119 107, (90%) 514255, (6-117) >90
CRP, mg/d| 155 12, (0.7%) 0.96+2.1,  (0-17) <2
Proteinuria, gr/24 hour 118 99,  (84%) 1.47£23, (0.03-12.7) 0-0.15
(r — creatinine; Cr (I — 24 hour creatinine clearance; CRP — serum C reactive protein; N — number of patients.
Table 3. Correlation among the outcome variables in the study.
Amylase Cr Crdl CRP Lipase  24-h Proteinuria
Amylase pearson 1,000 105 21 019 4975 103
Sig. (2-tailed) 158 021 817 .000 278
N 182.000 181.000 115.000 150.000 144.000 113.000
Lipase Egi‘r’esg':ion 497% 340% —321%* 138 1.000 4047
Sig. (2-tailed) .000 .000 .001 120 .000
N 144.000 144.000 98.000 129.000 145.000 99.000

(r — creatinine; Cr (I — 24 hour creatinine clearance; CRP — serum C reactive protein; * correlation is significant at the 0.05 level (2-tailed);

** correlation is significant at the 0.01 level (2-tailed).

Thirty-nine percent (37/95) and 49% (26/53) of
the patients with hyperamylasemia received tac-
rolimus- and CYC-based immunosuppression, re-
spectively. It was present in 40% of living donor
and 16% in deceased donor recipients.

The maximum increase in serum amylase and li-
pase were up to 2.5 times the upper limits.

Looking at the correlation within the outcome
variables, negative correlations were detected be-
tween the creatinine clearance amylase, and li-
pase (p=0.021 and 0.001, respectively) (Table 3).

When Cr(Cl has fallen under 30 ml/min, in-
crease in serum amylase and lipase was detect-
ed in 68% and 39% of the patients; in patients
with moderate-level kidney dysfunction (CrCl
range 30-60 ml/min) it was 52% and 11%, and
the elevations were detected in 33% and 3% of
the patients with mild kidney dysfunction (Cr Cl
range 60-90 ml/min), respectively (Figure 1).

Unlike serum amylase, there was a positive cor-
relation between the serum lipase, creatinine
and 24-h proteinuria (p<0.001). These findings
were observed independently from CRP (p>0.05)
(Table 3).

The sensitivity and specificity of amylase and li-
pase measurement for the diagnosis of graft fail-
ure were evaluated in 23 patients undergoing reg-
ular hemodialysis treatment. Creatinine was used
as a control variable. Of the group, 21 patients’
amylase levels and 11 patients’ serum lipase lev-
els were accessible in the database. In these, hy-
peramylasemia was detected in 67% (14/21) and
lipase in 45% (5/11). Lipase, however, was no-
tably superior to amylase and creatinine — the
specificity of lipase was 87%, while specificity of
amylase and creatinine were 59% and 28%, re-
spectively (Table 4A).

Additional sensitivity and specificity tests were ap-
plied to ACR patients (n=42). In this group the
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Figure 1. Deterioration of the tests in the presence of graft dysfunc-
tion according to creatinine clearance.

amylase levels of 40 patients and the lipase lev-
els of 25 patients were obtained. In the group,
an elevation of amylase was in itself as valuable
as creatinine at confirming ACR (positive pre-
dictive value =30%). Besides the sensitivity of the
amylase (60%) being lower than the creatinine
(98%), it was found to be 2 times more specific
than creatinine for the presence of ACR (59%
vs. 31%, respectively). However, lipase was found
to be the most specific test in the ACR evaluation
(specificity was 90%) (Table 4B). In the overall
consideration, positive predictive value and spec-
ificity of amylase and lipase were superior to cre-
atinine in the groups (Figure 2A, B).

DiscussION

In many of the previous reports, the elevation in
serum amylase when coupled with increases in
serum lipase was usually attributed to a pancre-
atic origin [13,14]. Extremely high enzyme lev-
els may be associated with radiologic evidence of
pancreatitis, or, if found to be of non-pancreatic
origin, likely to be multiple organ failure [15,16].
In the study group, increases in both enzymes
were less than 3 times their upper normal limit,
being higher in lipase. It was seen through liter-
ature review that hyperamylasemia in transplant
patients was first mentioned in studies from the
1970s. Penn et al evaluated hyperamylasemia de-
veloped secondary to pancreatitis in kidney re-
cipients [17]. The reported factors causing pan-
creatitis in the KTx patients included uremia,
pancreatic injury by drugs, infections resulting
from chronic immunosuppression, and hyperpar-
athyroidism [17]. Other studies found pancre-
atitis that developed after renal transplantation
was accompanied by hyperamylasemia [18,19].

In contrast, Takagi et al. reported that asympto-
matic transient hyperamylasemia was accompa-
nied by hyperamylasuria after a large intravenous
dose of methylprednisolone in patients with re-
nal allograft [20]. None of the patients in the
group were on large dose of steroids.

The study by Dardaman is was one of the first
emphasizing hyperamylasemia rather then
pancreatitis in kidney recipients. In this study,

Table 4. Sensitivity and Specificity of the tests for determining graft failure (A) and acute cellular rejection (B). PPV; positive predictive value,

NPV; negative predictive value.

A
Graft Failure
Tests
PPV Sensitivity Specificity
Amylase 18% 93% 67% 59%
Lipase 22% 95% 45% 87%
(reatinine 16% 100% 100% 28%
B
Acute Cellular Rejection
Tests
PPV NPV Sensitivity Specificity
Amylase 30% 84% 60% 59%
Lipase 33% 88.5% 44% 90%
Creatinine 28% 98% 98% 31%
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Figure 2. Diagnostic value of the variables in the graft failure (A) and acute cellular rejection (B) cases.

hyperamylasemia was evaluated within 3 groups:
in patients with kidney failure, patients under-
going hemodialysis (HD), and kidney recipients.
They found that kidney recipients had serum am-
ylases up to 3 times higher than the upper nor-
mal limit, without exhibiting any clinical sign of
acute pancreatitis [21]. In contrast to serum am-
ylase, the absence of correlation between urine
amylase and serum creatinine was found only in
the recipient group. It was thought that disturbed
amylase catabolism or reabsorption could play
arole in the increased serum amylase. Findings
of this study support our hypothesis. However,
hyperamylasemia was detected in 92% of the re-
cipients in that study, and no data has been not-
ed by us concerning the condition of that recipi-
ent graft function. In the present study, only 40%
of recipients had experienced hyperamylasemia,
and the correlation was between the serum am-
ylase and Cr Cl. The increased hyperamylasem-
ia was detected in 100% of the hemodialysis pa-
tients and 98% of patients with varying degrees
of renal insufficiency [21].

It was earlier concluded that amylase clearance
was a function of glomerular filtration and tubu-
lar reabsorption [22,23]. Loss of tubular function
would explain why amylase/creatinine clearance
ratios are sometimes elevated in renal diseases
[24]. In the study, urine amylase and lipase were
not studied. However, the decrease in the increas-
ing rate of hyperamylasemia in recipients with de-
veloping advanced level kidney failure could be
explained by loss through tubular reabsorption.

There are several similar studies, but they were
performed in ESRD patients [25-28]. From these,
Jiang et al reported that the ESRD patients had
elevated serum amylase and lipase levels in 60%
and 57% of the cases respectively, which were

within 3-fold of the upper normal limits [25].
In contrast, Colen et al concluded that serum
amylase levels remained in the normal range
when creatinine clearance was greater than 50
ml/min and became elevated when Cr Cl was
less then 50 ml/min within the kidney patients
[26]. In our study, only lipase levels stayed close
to normal limits in recipients (3%) whose Cr Cl
was 60 ml/min or higher. In contrast, amylase
was elevated in 33% of the same group. This may
mean that amylase can increase before renal fil-
tration has failed sufficiently. This suggests that
it could be due to disturbed tubular function. In
this study, the PPV and NPV values of amylase in
ACR cases were similar to creatinine, but its spec-
ificity has been found to be up to 28% greater.
Within the documentation in the database, this
elevation is accompanied by an elevation in se-
rum creatinine, followed by lipase elevation. This
could be explained by the different rates of re-
nal handling of the enzymes [12,25,28,29]. All
of these factors suggest that amylase, too, might
have importance in the early spotting of tubuli-
tis in ACR events or any type of tubular dysfunc-
tion, regardless of the cause. These approaches
are also valid for lipase. Sensitivity and specifici-
ty tests show that lipase acts more specifically in
the cases of graft failure or rejection than amyl-
ase or creatinine. However the increase in lipase
starts after the increase in amylase.

CONCLUSIONS

In conclusion, results of more recent studies of
non-invasive biomarkers for the detection of ear-
ly graft dysfunction are encouraging. However,
some of these biomarkers were developed in non-
transplant settings and are expensive [5]. As in
gene tests, some of these tests need to be stud-
ied pre-transplantation [4].Therefore, along with
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cost effectiveness and practicality, amylase and li-
pase are seen as more beneficial at this stage. As
such, if there is any elevation of serum amylase
and lipase levels of less than 3-fold their upper
limits during the follow-up, it is recommended
to evaluate patients for possible graft dysfunction
in the setting of kidney transplantation.

This is a retrospective study and prospective stud-
ies would be beneficial.
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