Journal of
INTERNATIONAL
MEDICAL RESEARCH

Retrospective Clinical Research Report

Journal of International Medical Research
A e 0 48(3) 1-9
cute pancreatitis © The Author(s) 2020

Article reuse guidelines:

Co n C o m itant Wit h sagepub.com/journals-permissions

DOI: 10.1177/0300060520912128

diabetic ketoacidosis: "gpbégXéE
a cohort from South China

Shiwen Yuan', Jinli Liao2, Ruibin Cai?,
Yan Xiong?, Hong Zhan? and Ziyu Zheng?

Abstract

Objective: To evaluate the clinical characteristics of acute pancreatitis (AP) concomitant with
diabetic ketoacidosis (DKA) in a cohort from South China and identify factors associated with
early detection of DKA in AP patients.

Methods: Inpatient medical records of AP concomitant with DKA were retrospectively reviewed.
Results: Forty-eight patients with AP concomitant with DKA were enrolled in this study.
The results indicated that comorbidity history of diabetes mellitus and mental status of not
alert on admission were factors associated with DKA in AP patients. Compared with patients
without DKA, patients with DKA showed significantly higher rates of hypertriglyceridemia and
lower rates of gallstones than those without DKA. AP patients with concurrent DKA had higher
levels of serum triglycerides, longer lengths of hospital stays, and higher complication rates of
systemic inflammatory response syndrome and acute kidney injury.

Conclusion: AP patients might have higher risks of concomitant DKA if presenting as not alert
upon admission or if they have past medical histories of diabetes mellitus. Serum triglyceride
levels were significantly higher in AP patients with DKA. DKA raised the severity of AP, but did
not increase in-hospital mortality.
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Introduction

Acute pancreatitis (AP) and diabetic ketoa-
cidosis (DKA) are critical conditions that
require early recognition and treatment in
the emergency department. It has been
infrequently reported in prior literature
that DKA can coexist with AP.'> AP is
present in approximately 11% of DKA
patients,® while the DKA prevalence in
AP patients is approximately 1.2% to
26.4%." A significantly higher mortality
rate was found in patients with concomitant
DKA and AP compared with AP-only
patients.” Timely diagnosis and manage-
ment in these cases is expected to contribute
to better outcomes.

Abdominal pain is a classical presenting
symptom in AP patients, which may mask
the coexisting DKA, as >40% of DKA
patients present with abdominal pain on
admission.® If DKA was overlooked, resolv-
ing acidosis and dehydration could be further
delayed, resulting in severe adverse outcomes.
Although the occurrence of AP concomitant
with DKA is uncommon in emergency visits,
it could be easily overlooked due to the sim-
ilarity of their clinical presentations. This
presents great challenges for emergency
physicians. Therefore, this study focused on
analyzing the risk factors for the co-existence
of DKA in AP patients to facilitate early
identification. Morbidity and mortality in
these patients were also investigated and
compared with AP-only patients.

Materials and methods

Cohort subjects

We retrospectively reviewed the inpatient
medical records of patients who were hos-
pitalized in the First Affiliated Hospital of
Sun Yat-Sen University in South China
from January 2003 to December 2018. In
total, there were 2476 consecutive patients
diagnosed with AP over this time period

who fulfilled at least two of the following
three diagnostic features:’ (i) abdominal
pain characteristic of AP; (ii) serum lipase
or amylase levels that were at least three
times the upper limit of the normal range;
and (iii) characteristic findings of acute pan-
creatitis on cross-sectional imaging (com-
puted tomography or magnetic resonance
imaging) or transabdominal ultrasonogra-
phy. DKA diagnoses were made according
to standard criteria.'” Patients who were
<18 years old, pregnant, or without com-
plete data profiles (as outlined in Data
Collection) were excluded. Finally, among
the AP patients, 48 with a simultancous
diagnosis of DKA were enrolled as eligible
patients in this study.

To adjust for potential cohort imbalan-
ces, propensity score matching (PSM) was
performed on the AP with DKA and AP
without DKA cohorts at a ratio of 1:1.25
using age and gender. Another 60 age- and
gender-matched AP patients without DKA
were randomly selected as the control
group. Clinical files of these 108 patients
were reviewed, and data were extracted.

The Atlanta criterion was used to classify
the severity and types of AP.” The severity
of AP was divided into three grades: mild
acute pancreatitis (MAP), moderately
severe acute pancreatitis (MSAP), and
severe acute pancreatitis (SAP). SAP was
defined as persistent organ failure for
more than 48 hours. Additionally, AP was
subdivided into two types: interstitial edem-
atous and necrotizing AP. Interstitial edem-
atous pancreatitis was defined as diffuse (or
occasionally localized) enlargement of the
pancreas due to inflammatory edema,
while necrotizing pancreatitis was defined
as necrosis of the pancreatic parenchyma,
the peripancreatic tissue, or both.

Data collection

We documented demographic information
(age and sex), body mass index (BMI),
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history of comorbidities (diabetes mellitus,
hypertension, hyperlipemia, chronic obstruc-
tive pulmonary disease, and coronary
atherosclerotic heart disease), and etiologies
of AP (alcohol consumption, gallstones,
hypertriglyceridemia [HTG], autoimmune,
and medications). The diagnosis of hypertri-
glyceridemic AP was considered when AP
was found with HTG (>5.67mmol/L) in
the absence of other causative factors of
AP.'" All laboratory test results were collect-
ed. The definition of hyperlipidemia (HLP)
was based on the Chinese Joint Committee
for Developing Chinese Guidelines on
Prevention and Treatment of Dyslipidemia
in Adults JCDCG) guidelines.'? According
to the JCDCG definition, hyperlipidemia
included hypercholesteremia (total cholester-
ol >5.2mmol/L), HTG (serum triglycerides
>1.7mmol/L), high LDL cholesterol
(>3.4mmol/L), and mixed hyperlipidemia.
Clinical symptoms including the presence
or absence of abdominal pain, body temper-
ature, and mental status on admission were
also taken from medical records. We collect-
ed information regarding the clinical course
of AP including hospitalization course and
complications.

Statistical analysis

Statistical analyses were performed using
IBM SPSS Statistics for Windows, version
25.0 (IBM Corp., Armonk, NY, USA).
SPSS propensity score matching was
applied, and logistic regression analysis
was performed using nearest neighbor
matching. The ratio for matching was
1:1.25 using a caliper of width equal to 0.2
of the standard deviation of the logit of the
propensity score. Continuous variables are
described as mean +standard deviation
(SD) or median (interquartile range) for
variables with skewed distribution and
were compared with the Student’s t-test or
the Mann—Whitney U test where appropri-
ate. Categorical variables are expressed as

percentages (%) and were compared with
the Pearson »> test, continuity-adjusted
chi-square test, or Fisher’s exact test.
Variables with P <0.05 in prior compari-
sons between the two groups were adjusted
by multivariate logistic regression analyses
to evaluate associated factors that contrib-
uted to the coexistence of AP with DKA.
Odds ratios (ORs) and corresponding 95%
confidence intervals (ClIs) of the variables
were calculated. Results were considered
significant if they achieve a P-value
of <0.05.

Results

Fifty-two of the 2476 AP patients were
diagnosed with AP concomitant with
DKA over the past 15 years, with an overall
prevalence of 2.10%. Among them, one
patient was 14 years old, one was pregnant,
and two others had incomplete data pro-
files; these cases were excluded. Therefore,
48 AP patients with concomitant DKA
were enrolled in this study.

Comparison of demographic and clinical
features of AP patients with and without
DKA upon admission

A comparison of the demographic and clin-
ical characteristics upon admission between
patients with and without DKA is shown in
Table 1. In the DKA group, 19 patients
(39.58%) were female; the mean age of
AP diagnosis with DKA was 42.52 years,
ranging from 20 to 87 years; the mean
BMI was 22.58 kg/m?, and seven (14.58%)
patients were heavy smokers with histories
of 7 to 32 years. No significant difference
was found regarding age, gender, BMI,
tobacco use, or alcohol consumption com-
pared with the non-DKA group.
Compared with the patients without
DKA, patients with DKA showed signifi-
cantly higher rates of diabetes mellitus
history (87.50% vs. 15.00%, p<0.01) and
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Table I. Comparison of demographic and clinical features upon admission of AP patients with and

without DKA.
DKA* (n=48) non-DKA* (n = 60) P value

Female 19 (39.58) 23 (38.33) 0.90
Age (years) 4252 £15.29 47.81 £15.57 0.08
BMI (kg/m?) 22.58 +5.84 23.61 £2.61 0.32
Tobacco abuse 15 (31.25) 18 (30.00) 0.87
Alcohol consumption 12 (25.0) 18 (30.0) 0.79
History of comorbidities

Diabetes Mellitus 42 (87.50) 9 (15.0) <0.01

Hyperlipidemia 35 (72.92) 21 (35.0) <0.01

Hypertension 15 (31.25) 14 (23.33) 0.36

COPD 3 (6.25) 4 (6.67) 1.0

CAD 10 (20.83) 7 (11.67) 0.19
Manifestations upon admission

Abdominal pain 38 (79.17) 55 (91.67) 0.06

Fever Il (22.92) 7 (11.67) 0.12

Not alert 17 (35.42) 4 (6.67) <0.01

*Data are presented as the mean + SD or as the number of patients (%). BMI: body mass index.
AP, acute pancreatitis; DKA, diabetic ketoacidosis; BMI, body mass index; COPD, chronic obstructive pulmonary disease;

CAD, coronary artery disease.

hyperlipidemia history (72.92% vs. 35.00%,
2 <0.01). Other comorbidities were not sig-
nificantly different between these patients.
Patients’ mental status were categorized
into alert, stupor, and drowsy, the numbers
in each category were 31 (64.58%), 13
(27.08%), and 4 (8.33%), respectively. It
was noted that more patients were not alert
(35.42% vs. 6.67%, p<0.01) in the DKA
group compared with the non-DKA group.
The clinical manifestations on admission
were nonspecific between groups when com-
pared by abdominal pain (79.17% vs.
91.67%,) and fever (22.92% vs. 11.67%).

Multivariate analysis of risk factors for the
coexistence of AP with DKA

Table 2 shows the factors associated with
the coexistence of AP and DKA upon
admission. When biochemical parameters
are absent upon admission, it is a challenge
for emergency physicians to be aware of
this complex clinical case and prescribe
related tests. In our study, we aimed to

recognize the patients at high risk from
past medical histories and/or physical
examinations. We found that the coexis-
tence of AP with DKA was more likely to
occur in patients with comorbidity histories
of diabetes mellitus (adjusted OR: 55.128,
95% CI: 10.469-290.306, p <0.01) and in
those who presented as not alert (adjusted
OR: 32547, 95% CI. 4.701-225.322,
p<0.01). However, a history of hyperlipid-
emia was not significantly associated.

Etiology characteristics of AP patients with
and without DKA

The etiologies of AP are shown in Table 3.
Compared with patients without DKA,
patients with DKA showed significantly
higher rates of HTG (66.67% vs. 28.33%,
p<0.01) and lower rates of gallstones
(10.42% vs. 45.00%, p <0.01). No signifi-
cant differences were found among
other common causes of AP between
these patients.
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Table 2. Adjusted odds ratios of variables associated with AP concomitant with DKA by multivariate

analysis.

p SE Wald P value Adjusted OR (95%Cl)
Diabetes Mellitus 4.010 0.848 22.378 <0.01 55.128 (10.469-290.306)
Hyperlipidemia 0.909 0.781 1.354 0.245 2.481 (0.537-11.460)
Not alert 3.483 0.987 12.446 <0.01 32.547 (4.701-225.322)

AP, acute pancreatitis; DKA, diabetic ketoacidosis.

Table 3. Comparison of the etiologies of AP in patients with and without DKA.

DKA* (n=48) non-DKA* (n = 60) P value
Gallstones 5(10.42) 27 (45.0) <0.01
Alcohol consumption 7 (14.58) 9 (15.0) 0.95
Hypertriglyceridemia 32 (66.67) 17 (28.33) <0.01
Idiopathic 3 (6.25) 7 (14.58) 0.53
Medications | (2.08) 0 (0) 091

*Data are presented as the number of patients (%).
AP, acute pancreatitis; DKA, diabetic ketoacidosis.

Comparison of clinical course and
laboratory findings of AP patients with
and without DKA

A comparison of clinical events and labora-
tory results of patients with and without
DKA is shown in Table 4. With regard to
the classification of AP in the DKA group,
17 (35.42%) patients were SAP, 15
(31.25%) were MSAP, and 16 (33.33%)
were MAP. More patients were SAP com-
pared with the non-DKA group (35.42%
vs. 13.33%, p<0.01). However, no signifi-
cant difference was found regarding necro-
tizing AP (22.92% vs. 10.00%).

In the DKA group, the causes of death
for the two patients were multiple organ
dysfunction syndrome and severe sepsis,
respectively. The inpatient mortality rate
was comparable with the non-DKA group
(4.17% vs. 5.0%). There was also no signif-
icant difference in the intensive care unit
(ICU) admission rate, duration of ICU, or
the rates of hospital readmission at 30 days
after discharge. However, AP patients with

concurrent DKA were more likely have
longer hospital stays (13.44 +6.25 days vs.
7.02 4+ 3.33 days, p <0.01).

Regarding complications, patients with
concomitant AP and DKA were more
likely to have systemic inflammatory
response syndrome (SIRS) (60.42% vs.
15.00%, p<0.01) and acute kidney injury
(AKI) (29.17% vs. 8.33%, p=0.02) on
admission. However, there was no statisti-
cally significant difference with regard to
concurrent infection or respiratory distress
requiring intubation.

By comparing laboratory findings, more
patients in the DKA group had HTG
(66.67% vs. 18.33%, p < 0.01). Serum triglyc-
eride levels in patients with DKA were signif-
icantly higher than in patients without DKA.
Moreover, patients with concurrent DKA
had lower serum levels of ionized calcium
(Ca*", p<0.01), carbon dioxide combining
power (CO,CP, p<0.01), and higher levels
of random glucose (p<0.01), anion gap
(AG, p<0.01), blood urea nitrogen (BUN,
p=0.04), lactic dehydrogenase (LDH,
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Table 4. Comparison of clinical course and laboratory findings in AP patients with and without DKA.

DKA* (n=48) non-DKA* (n = 60) P value
Classification of AP
SAP 17 (35.42) 8 (13.33) <0.01
Necrotizing AP I (22.92) 6 (10.00) 0.07
Hospitalization course
LOS (days) 13.44+£6.25 7.02+3.33 <0.01
ICU admission 7 (14.58) 6 (10.00) 0.47
ICU duration (days) 3.50 (2.00-5.75) 5.00 (4.00-6.50) 0.29
In-hospital mortality 2 (4.17) 3 (5.00) 0.76
Hospitalization 30 days 2 (4.17) 1 (1.67) 0.69
after discharge, n (%)
Complications on admission
SIRS 29 (60.42) 9 (15.00) <0.01
Concurrent infection 15 (31.25) 24 (40.0) 0.35
AKI 14 (29.17) 5(8.33) 0.02
Respiratory distress requiring intubation 4 (8.33) 3 (5.00) 0.56
Laboratory findings
HTG 32 (66.67) Il (18.33) <0.01
Serum triglycerides (mmol/L) 7.10 (2.65-12.82) 2.10 (1.58-6.72) <0.01
Serum amylase (U/L) 384.50 (227.0-623.0) 428.0 (188.20-1162.75)  0.06
Serum lipase (U/L) 973.0 (680.0-1684.50) 1659.0 (517.13-3214.75)  0.08
Ca®" (mmol/L) 2.08 (1.93-2.18) 2.28 (2.14-2.46) <0.01
Random glucose (mmol/L) 18.65 (13.70-22.80) 6.95 (5.60-8.10) <0.01
CO,CP (mmol/L) 11.0 (7.0-15.0) 24.0 (22.0-25.0) <0.01
AG (mmol/L) 25.89+8.23 15.34£3.94 <0.01
WBC (x 10%/L) 12.79 (9.67—-17.52) 11.83 (10.15-14.96) 0.23
BUN (mmol/L) 7.90 (6.00-13.29) 5.00 (3.25-7.20) 0.04
Creatine(umol/L) 108.50 (72.0-147.0) 72.0 (55.0-88.75) 0.05
LDH (U/L) 492.50 (342.0-519.0) 307.0 (225.0-410.0) <0.01
ALT (U/L) 85.0 (33.0-200.0) 52.50 (27.0-73.0) <0.01
TBIL (umol/L) 33.77 £21.31 18.60£8.12 0.02
PCT (ng/ml) 3.30 (0.61-4.22) 2.30 (1.07-3.93) 0.41
NT-proBNP (pg/mL) 577.40 (174.85-1468.00) 407.40 (267.80-577.40) 0.23
hsTnT (ng/ml) 0.01 (0.00-0.07) 0.00 (0.00-0.06) 0.43

*Data are presented as the mean =+ SD, the number of patients (%), or median(interquartile range). AP, acute pancreatitis;
DKA, diabetic ketoacidosis; SAP, severe acute pancreatitis; LOS, length of stay; ICU, intensive care unit; SIRS, systemic
inflammatory response syndrome; AKI, acute kidney injury; HTG, hypertriglyceridemia; Ca®", ionized calcium; CO,CP,
carbon dioxide combining power; AG, anion gap; WBC, white blood (cell) count; BUN, blood urea nitrogen; LDH, lactic
dehydrogenase; ALT, alanine aminotransferase; TBIL, total bilirubin; PCT, procalcitonin; NT-proBNP, N-terminal B-type

natriuretic peptide; hsTnT, high-sensitivity troponin T.

p<0.01), alanine aminotransferase (ALT, DKA presented in 52 cases (2.10%), which
p <0.01), and total bilirubin (TBIL, p =0.02). was similar to a previous study.” The coex-
istence of AP and DKA has been recognized
since 1969 and reported infrequently during
the past 40 years.!>*!> ¥ Abdominal pain,
In this single-center retrospective cohort a classical feature of AP, can be found in
study of 2476 AP patients, we found that a number of patients with DKA, so the

Discussion
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diagnosis of DKA is often delayed when AP
is the initial diagnosis on presentation.'
Usually, discovering DKA in AP patients
is based solely on associated laboratory find-
ings (i.e., plasma glucose, serum AG and
bicarbonate, presence of urine ketones).
Delayed recognition of DKA may be detri-
mental to AP patients because such patients
require more aggressive volume replacement
and strict control of hyperglycemia.®

It is challenging for emergency physi-
cians to realize these concurrent cases and
prescribe related tests to identify them
early. By comparing the demographic and
clinical presentations on admission between
the DKA and non-DKA groups, we found
that more patients in the DKA group pre-
sented as not alert and had medical histo-
ries of diabetes mellitus or hyperlipidemia.
The differences in diabetes mellitus and
mental status of not alert were also signifi-
cant in the multivariate analysis, indicating
that they were strong risk factors for
the existence of DKA in AP patients.
This prompted us to wonder if emergency
physicians should screen for DKA when
AP was the initial diagnosis on presentation
and the patients presented as not alert or had
past medical histories of diabetes mellitus.

DKA is a life-threatening condition that
requires management in the ICU in most
cases. In our study, we found that the pres-
ence of DKA increased the severity of
AP as there were more SAP cases compared
with the non-DKA group (p=0.01).
Additionally, DKA raised the Ranson and
APACHE II scores of AP patients,'” which
demonstrated that the DKA group had
higher levels of random glucose, AG,
BUN, LDH, ALT, and TBIL, but lower
levels of Ca®>* and CO,CP on admission.
Patients with concurrent DKA had more
severe organ dysfunction and acid-base dis-
turbance, which were in accordance with
the data from Quintanilla-Flores et al.*
Additionally, the existence of AP aggravat-
ed the severity of DKA due to marked

acidosis, hyperglycemia, and increased deple-
tion of intravascular volume.® Simons-
Linares et al.” recently performed the largest
cohort study to date on the coexistence of AP
and DKA, in which 2.8 million patients were
hospitalized with AP and 33,356 had con-
comitant DKA. They found that patients
with concomitant AP and DKA had higher
complication rates of AKI, SIRS, shock,
acute respiratory distress syndrome, sepsis,
and ileus, which resulted in longer hospital
stays and higher inpatient mortality rates
compared with AP-only patients. However,
in our study, although we found that patients
in the DKA group had higher complication
rates of SIRS and AKI on admission, the
inpatient mortality rates were similar to
patients in the non-DKA group, as were the
ICU admission rates and ICU durations.
Notably, patients in the DKA group still
had longer hospital stays, which indicated a
more critical condition.

Compared with patients without DKA,
AP patients with DK A showed significantly
higher rates of an etiology of HTG. The
role of HTG in the coexistence of AP and
DKA has already been discussed in prior
studies.®'*' It is believed that the link
between DKA and AP is usually mediated
through HTG, but whether DKA is the
cause of AP (DKA—HTG—AP) or a com-
plication of AP (HTG—AP—DKA) is still
unclear.” Furthermore, AP may induce
DKA without HTG, as AP can destroy
pancreatic beta cells, resulting in a transient
insulin deficiency that triggers DKA.?
In this study, we noticed that serum triglyc-
eride levels were significantly higher in
patients with DKA than in those without
DKA. This indicated that HTG might
play an important role in the pathogenesis
of these cases.

Our study had limitations. First, a major
limitation was the small sample size. Some
of the factors that might be expected to pre-
dict the existence of DKA in AP could not
be measured in the multivariate analysis.
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Moreover, as discussed above, only two in-
hospital deaths were documented in the
DKA group, and no significant difference
in in-hospital mortality rates was found
between the two groups. This might also
result from the limited number of patients
enrolled in this cohort. Second, as a retro-
spective study, we were not able to control
all the variables studied or the treatment
adjustments; therefore, some variables
were not compared in the study. A future
prospective study with a larger sample size
is necessary to confirm our findings and fur-
ther explore the risk factors and prognosis
for the coexistence of AP with DKA.

In summary, we discovered that AP
patients might have higher risks of concom-
itant DKA if they present as not alert upon
admission or had past medical histories of
diabetes mellitus. Emergency physicians
should screen for the existence of DKA if
AP is suspected in such patients. Serum tri-
glyceride levels were significantly higher in
AP patients with DKA. DKA raised the
severity of AP, but did not increase in-
hospital mortality rates.
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