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Post-transplant diabetic ketoacidosis —
A possible consequence of
immunosuppression with calcineurin
inhibiting agents: A case series

Abstract Post-transplant diabetes
mellitus, a complication due to cor-
ticosteroids and the calcineurin in-
hibitors, cyclosporine and tacroli-
mus (FK506), is commonly regarded
as a form of type-2 (adult-onset) di-
abetes mellitus. Diabetic ketoacido-
sis, which requires relative insulin
deficiency to impair fatty acid me-
tabolism, is a complication of type-1
diabetes mellitus. We report three
patients who presented with diabet-
ic ketoacidosis post-transplant. All
three patients presented with severe
hyperglycemia, significant ketosis
and metabolic acidosis of variable
severity. One patient was a renal
transplant recipient on a cyclospo-
rine-based regimen. The other two
patients were liver transplant recipi-
ents receiving either cyclosporine or
tacrolimus-based immunosuppres-
sion. Both of the liver transplant re-

cipients were found to have moder-
ate to high serum levels of calcineu-
rin inhibitors on presentation. The
liver recipient on cyclosporine (Ne-
oral) had a 4 hour post-dose level of
388 ng/ml and the patient on tacrol-
imus was found to have a trough
level of 21.2 ng/ml. Our experience
suggests that post-transplant diabe-
tes mellitus, in association with cal-
cineurin inhibition, may result in
ketoacidosis either secondary to rel-
ative beta cell dysfunction, periph-
eral insulin resistance, or a combi-
nation of the two effects. Post-trans-
plant diabetes mellitus can be an
atypical form of adult-onset diabe-
tes with features of both type I and
type Il diabetes mellitus.
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Introduction

Diabetes mellitus is a well-recognized complication of
organ transplantation with a reported incidence of
7.8% to over 40 % in cyclosporine-treated renal trans-
plant recipients [11, 23, 24] and 2047 % in liver trans-
plant recipients treated with cyclosporine/tacrolimus
[5, 21]. Although the usual risk factors for type-2
(adult-onset) diabetes mellitus, such as familial predis-
position and obesity may increase the likelihood of
post-transplant diabetes mellitus (PTDM), the immuno-
suppressive medications used in transplantation are
themselves agents in the development of this condition.
The diabetogenic properties of corticosteroids are well-

recognized, and it has become increasingly well-known
that the calcineurin inhibitors, cyclosporine [2, 12, 14,
16, 25] and tacrolimus [5, 15, 21, 22], are associated
with PTDM.

PTDM is considered by many to be a variant of type-
2 diabetes mellitus and, in many cases, resolves or im-
proves with time as the maintenance doses of steroids
and calcineurin inhibitors are reduced, beyond the im-
mediate post-transplant period. Similar to the typical,
non-transplant cases of type-2 diabetes mellitus, poorly
controlled hyperglycemia in PTDM may result in non-
ketotic hyper-osmolar coma [8]. True diabetic ketoaci-
dosis (DKA), which implies a degree of insulinopenia
so that fatty acid oxidation is impaired, has only occa-
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sionally been mentioned in renal transplant studies of
PTDM without any description or discussion [6, 9, 11,
16]. We report three cases of post-transplant DKA
(two liver- and one renal transplant recipient) who pre-
sented to our centre between 1992 and 1998. All three
patients were well beyond the early post-transplant pe-
riod and were on maintenance immunosuppression con-
sisting of prednisone and a calcineurin inhibitor (cy-
closporine or tacrolimus). Since a diagnosis of ketoaci-
dosis has differing therapeutic implications from a diag-
nosis of diabetic hyperosmolarity, the purpose of this se-
ries is to increase the awareness of transplant physi-
cians/surgeons to this rarely reported but serious post-
transplant complication.

Case reports

Case one

A 50-year-old Caucasian woman had undergone liver transplanta-
tion for of end-stage liver disease secondary to autoimmune hepa-
titis. Her induction immunosuppression consisted of cyclosporine
(Neoral), tapering corticosteroids and azathioprine. Maintenance
immunosuppression initially consisted of cyclosporine, prednisone
and azathioprine, but after an episode of moderate rejection on the
eighteenth post-transplant day, the cyclosporine was changed to ta-
crolimus which was titrated to maintain a trough level of 5-10 mg/
ml after the third month post-transplant. The post-transplant
course was otherwise unremarkable except for the occasional epi-
sode of transient hyperglycemia with a serum glucose of
16.2 mmol/l at eight months post-transplant (trough tacrolimus
level was 8.7 ng/ml).

Nine months post-transplant, the patient was admitted to a
general medical ward after presenting with polyuria, polydipsia, vi-
sual blurring and transient tremours. Her medication consisted of
tacrolimus 4 mg BID, prednisone 10 mg daily, and azathioprine
50 mg daily. The results of her physical examination was unre-
markable except for a thin body habitus. Her initial laboratory
tests revealed: serum glucose 68.2 mmol/l, sodium 123 mmol/l,
chloride 89 mmol/l, potassium 3.2 mmol/l, carbon dioxide (CO,)
28 mmol/l (range of normal: 22-31 mmol/l), creatinine 127 umol/l,
serum albumin 34 g/I, trough tacrolimus level 21.2 ng/ml (target
range 5-10 ng/ml). Initial management consisted of intravenous
fluid resuscitation, but within 24 h of admission her level of con-
sciousness deteriorated, and seizure activity was noted. Her repeat
serum electrolytes revealed: sodium 145 mmol/l, chloride
123 mmol/l, potassium 3.3 mmol/l, carbon dioxide (CO2) 6 mmol/
1, creatinine 72 umol/l, serum albumin 28 g/1, with a calculated an-
ion gap of 16. Her arterial blood gas (ABG) revealed: pH 6.93,
pCO, 13 mm Hg, pO, 176 mm Hg, HCO; 3.0 mmol/l. A serum lac-
tate was 1.08 mmol/l (0.5-1.8 mmol/l). Urinary ketones were posi-
tive, and serum ketones revealed large amounts in an undiluted
sample. Serial dilutions were positive to a dilution of 1:8. The pa-
tient’s condition deteriorated, and she was admitted to the inten-
sive care unit. Treatment consisted of an insulin infusion, contin-
ued fluids and antibiotics for aspiration pneumonia. Her hypergly-
cemia, acidosis, and ketosis resolved, however, she required pro-
longed mechanical ventilation for adult respiratory distress
(ARDS). She was eventually discharged from hospital on subcuta-
neous insulin injections.

Case two

A 58-year-old Caucasian man of thin body habitus had received a
liver allograft 5 years and 10 months previously for end-stage cir-
rhosis secondary to hepatitis C (HCV). His induction immunosup-
pression immediately post-transplant consisted of OKT3, cy-
closporine, and tapering steroids. His long-term maintenance im-
munosuppression consisted of cyclosporine (Neoral, Novartis
Pharma Canada, Dorval PQ) 125 mg BID, titrated to achieve a tar-
get trough level of 123-150 ng/ml, and prednisone 5 mg on alter-
nate days. His post-transplant course had been complicated by sig-
nificant cyclosporine neurotoxicity and recurrent allograft infec-
tion with HCV. His post-transplant course was otherwise stable,
and he did not suffer from obesity, but was, in fact, slightly under-
weight. There was no history of diabetes mellitus, and his last se-
rum glucose, two months prior to presentation was 7.7 mmol/l.

He presented to hospital with polyuria, polydipsia and malaise.
His serum glucose at presentation was 67 mmol/l, serum electro-
lytes: sodium 125 mmol/l, chloride 90 mmol/l, potassium 4.5 mmol/
1, carbon dioxide (CO2) 21 mmol/l, creatinine 180 umol/l. The cal-
culated anion gap was 14, the lab determined anion gap was 18.5.
Undiluted serum ketones were determined to be large. Serial dilu-
tions revealed serum ketones at 1:2 to be moderate, 1:4 were deter-
mined to be small with trace amounts at a dilution of 1:8. A 4-h-
post-dose cyclosporine level was 388 ng/ml. A C-peptide level
drawn 10 h after the start of treatment, when a capillary glucose
was 19.2 mmol/l, was 846 pmol/l (165-1000 pmol/l). The patient
was treated with intravenous fluids and an insulin infusion with res-
olution of the hyperglycemia. A work-up for secondary causes was
negative and he was changed to subcutaneous insulin injections.

Case three

A 37-year-old, mildly obese East Indian man with chronic renal
failure secondary to hypertensive nephrosclerosis, received a ca-
daveric renal transplant. Immunosuppression consisted of Minne-
sota antilymphocyte globulin (ALG), prednisone and azathioprine
(AZA), followed by cyclosporine (Sandimmune, Sandoz Canada,
Dorval PQ) 220 mg BID, AZA 100 mg daily and prednisone
15 mg daily. His discharged serum creatinine was 230 umol/l.
There was no prior history of diabetes mellitus, although two epi-
sodes of glycosuria had been documented during methylpredniso-
lone therapy for acute rejection, 2 and 3 months post-transplant.
His family history revealed that his father has non-insulin depen-
dent diabetes mellitus (NIDDM).

Four months post-transplant, the patient suffered from poly-
uria, polydipsia, and increasing lethargy, and was brought to the
emergency department obtunded. The leukocyte count was
10.6 x 1071, blood glucose 42.8 mmol/l, arterial blood gases
(ABG) drawn on room air were: pH 7.38, pO, 52 mm Hg, pCO,
17 mm Hg and bicarbonate 10 mmol/l. The serum sodium was
141 mmol/l, chloride 111 mmol/l, potassium 4.7 mmol/l, carbon
dioxide (CO,)14 mmol/l, urea 26.5 mmol/l, creatinine 360 umol/l.
The anion gap was 16, serum ketones were moderate, and serum
lactate 1.3 mmol/l (0.5-1.8 mmol/l). His salicylate screen was nega-
tive, and there was no history of organic acid ingestion. His cy-
closporine level was 78 ng/ml.

Diabetic ketoacidosis was diagnosed and resuscitation under-
taken with large volumes of intravenous saline and an insulin infu-
sion. A work-up for secondary causes was unrevealing. Response
to treatment was rapid and he was switched to subcutaneous insu-
lin. Four days after admission his fasting blood glucose was
4.0 mmol/l, serum CO, 22 mmol/l, creatinine 223 umol/l, anion
gap 11; a C-peptide level was 4833 pmol/l (165-1000 pmol/l). Eight
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days after admission the C-peptide was 667 pmol/l. The patient was
discharged on subcutaneous insulin, and a fasting blood glucose
20 days after admission was 4.1 mmol/l. One month after dis-
charge, insulin was discontinued and diabetic therapy consisted of
dietary management.

Discussion

Although the exact definition of diabetic ketoacidosis is
arbitrary and differs depending on source, we present
three cases of ketoacidosis in the late post-transplant
period. Our three patients all suffered from severe hy-
perglycemia, significant ketosis which was, in fact, un-
derestimated, since the Acetest (Miles Inc.) reagent
used detects acetoacetate and acetone but not beta-
hydroxybutyrate, and a metabolic acidosis of varying se-
verity. All three patients exhibited some features of type
2 diabetes mellitus: the third patient had a marked C-
peptide level after the ketosis was subsiding reflecting
insulin resistance, the first and second patients, despite
a marked ketosis, had only a mild metabolic acidosis, al-
though unequivocal and life-threatening acidosis would
rapidly develop in the first case. Despite initial present-
ing features of type 2 diabetes mellitus in these cases,
the development of ketoacidosis suggests a significant
degree of beta cell impairment, compounded by periph-
eral insulin resistance, which in our second patient was
demonstrated by an inappropriately normal C-peptide
level in the context of marked hyperglycemia. In this re-
gard, the PTDM of these three patients, none of whom
were African-American, closely resembles the unusual
subset of African-American adult-onset diabetic pa-
tients (non-transplant) who present with ketoacidosis
yet behave like type II diabetics both before and after
the episode of ketoacidosis [1, 20]. These African-
Americans with ketoacidosis and adult-onset diabetes
have been found to show both insulin-resistance and im-
paired insulin secretion [1, 20].

Another interesting aspect of our series is, that in the
first and second patients, the marked hyperglycemia
and ketoacidosis occurred when the measured levels of
calcineurin inhibitors (cyclosporine/tacrolimus) were

within the moderate-to-high-range after periods of sta-
bility at lower levels. This may suggest a contributing
role for calcineurin inhibitors in the etiology of the pa-
tients’ diabetic ketoacidosis, either through impaired
beta cell secretion of insulin, enhanced peripheral insu-
lin resistance so that fatty acid metabolism was im-
paired, or a combination of the two. The exact etiologi-
cal role of calcineurin inhibitors in PTDM and their ef-
fects on beta cell secretion of insulin has been a contro-
versial topic for many years. Earlier, a few investigators
failed to demonstrate any role for cyclosporine in im-
paired glucose tolerance [3, 4]. In-vitro studies, howev-
er, demonstrated an inhibitory effect of cyclosporine on
human beta cells [10], and clinical studies reported C-
peptide suppression [2], altered insulinogenic indices
pre and post-cyclosporine [25], impaired glucose toler-
ance [12] and increased incidence of PTDM in cyclospo-
rine-base regimens compared to azathioprine-based
protocols [14, 23, 24]. With tacrolimus, however, some
investigators report a lack of correlation between tacrol-
imus-doses and blood glucose as well as findings sug-
gesting that requirements for insulin are better corre-
lated with prednisone dosing [17]. Other studies, howev-
er, report an increased incidence of hyperglycemia in ta-
crolimus versus cyclosporine-based regimens 5, 15, 24].
The mechanism of possible tacrolimus-induced diabetes
mellitus is unclear, with in-vitro studies reporting beta-
cell impairment at high doses [8, 13, 18, 19], and clinical
reports of hyperglycemia with elevated C-peptide levels
indicating insulin resistance [7]. Our experience sug-
gests a possible contributing role for calcineurin inhibi-
tors in the pathogenesis of post-transplant diabetes mel-
litus, with the potential for the development of ketosis
in susceptible individuals.

In conclusion, these observations suggest that post-
transplant diabetes mellitus may be more complicated
than typical type-2 diabetes mellitus, and some patients
may demonstrate ketoacidosis which is more commonly
associated with type-1 diabetes mellitus. Awareness of
the subacute presentation of post-transplant diabetic
ketoacidosis should confer a heightened level of suspi-
cion upon clinicians, so that diagnostic monitoring and
therapeutic strategies can be optimized.
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