
BMJ Open Diab Res Care 2024;12:e003854. doi:10.1136/bmjdrc-2023-003854

Open access�

1

Open access�

Gastric emptying during and following 
resolution of moderate diabetic 
ketoacidosis in type 1 diabetes: a 
case series

Ryan J Jalleh  ‍ ‍ ,1 Liza Phillips,2 Mahesh M Umapathysivam,1 Karen L Jones,1 
Chinmay S Marathe,3 Linda E Watson  ‍ ‍ ,4 Michelle Bound,1 
Christopher K Rayner,1 Michael Horowitz1

1The University of Adelaide 
Faculty of Health and Medical 
Sciences, Adelaide, South 
Australia, Australia
2Mater Hospital Brisbane, 
Brisbane, Queensland, Australia
3Endocrine and Metabolic Unit, 
The University of Adelaide 
Faculty of Health and Medical 
Sciences, Adelaide, South 
Australia, Australia
4Discipline of Medicine, The 
University of Adelaide Faculty of 
Health and Medical Sciences, 
Adelaide, South Australia, 
Australia

Correspondence to
Dr Michael Horowitz;  
​michael.​horowitz@​adelaide.​
edu.​au

To cite: Jalleh RJ, Phillips L, 
Umapathysivam MM, et al. 
Gastric emptying during 
and following resolution of 
moderate diabetic ketoacidosis 
in type 1 diabetes: a case 
series. BMJ Open Diab Res 
Care 2024;12:e003854. 
doi:10.1136/
bmjdrc-2023-003854

Received 27 October 2023
Accepted 20 February 2024

Original research

Pathophysiology/complications

© Author(s) (or their 
employer(s)) 2024. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Introduction  To use the ‘gold standard’ technique of 
scintigraphy to quantify gastric emptying (GE) as soon as 
practicable during an admission with diabetic ketoacidosis 
(DKA) and following its resolution at least 7 days later.
Research design and methods  Five patients with type 
1 diabetes, age 29±12 years; Body Mass Index 23±3 kg/
m2; hemoglobin A1c 11.3%±1.9%, were studied during 
an admission with DKA and following its resolution. Solid 
and liquid GE were measured using scintigraphy. Solid 
emptying was assessed via the percentage intragastric 
retention at 100 min and that of liquid by the 50% 
emptying time.
Results  There was no difference in either solid or liquid 
GE at the initial study compared with the follow-up. 
Median (IQR) solid retention was 47±20 versus 38%±33%, 
respectively; p=0.31, and time to empty 50% of liquid was 
37±25 min versus 35±15 min, p=0.31, at the initial and 
follow-up GE study, respectively.
Conclusions  GE of solids and liquids is not affected by 
moderate DKA, inferring that earlier reintroduction of oral 
intake may be appropriate.

INTRODUCTION
Gastroparesis, defined as delayed gastric 
emptying (GE) in the absence of mechanical 
obstruction, occurs in about 30%–50% of 
individuals with longstanding, complicated 
type 1 diabetes (T1D).1 2 It may be associ-
ated with upper gastrointestinal symptoms, 
poor glycemic control and delayed oral drug 
absorption3 although the concordance of 
symptoms with the presence of gastroparesis 
is now appreciated to be weak.4

Diabetic ketoacidosis (DKA) results from 
relative or absolute insulin deficiency in the 
presence of increased counter-regulatory 
hormones5 and may be precipitated by poor 
adherence to therapy, intercurrent infection 
or other acute medical conditions.5 DKA 
commonly occurs at the initial diagnosis 
of T1D and has a worldwide incidence of 

8–51.3 cases per 1000 patient-years in indi-
viduals with T1D.6 Upper gastrointestinal 
symptoms occur frequently during DKA and 
have been attributed to delayed GE, partic-
ularly as acute hyperglycemia is known to 
slow GE of both solids and liquids.7 8 More-
over, acute gastric dilatation is a recognized, 
although rare, complication,9 with attendant 
increased risk of aspiration pneumonia as a 
cause of mortality.10 It is, accordingly, gener-
ally assumed that GE is frequently delayed in 
ketoacidosis. However, there is only anecdotal 
information about GE during DKA, with an 
absence of formal measurements. Current 
management of DKA involves rehydration, 
potassium replacement, intravenous insulin 
infusion and reversal of precipitating factors. 
Nutritional replacement is usually in the form 
of intravenous dextrose and oral intake is 
introduced only after biochemical resolution 
of ketoacidosis6 due to concerns regarding 
the potential for GE to be delayed in acute 
DKA. To test the hypothesis that GE is delayed 
in DKA, we have now measured GE, using the 
‘gold standard’ technique of scintigraphy, 
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during and following the resolution of ketoacidosis. We 
assessed GE of both solids and liquids as this may provide 
insight into what type of oral intake to reintroduce.

Research design and methods
Patients with T1D presenting to the Royal Adelaide 
Hospital with DKA were eligible. Those with a history 
of significant gastrointestinal disease, or a requirement 
for medication known to affect gastrointestinal function 
(including anticholinergic medications or opioids), were 
excluded. In five individuals with T1D, GE was measured 
during an admission for DKA (day 2–4) as soon as the indi-
vidual was able to tolerate oral intake, and when plasma 
biochemistry (apart from blood glucose) was within the 
normal range, at least 7 days later. All participants with 
DKA were admitted and received standard treatment 
(intravenous rehydration, intravenous insulin, potassium 
replacement, assessment and correction of precipitating 
factors). Antiemetic medications were not adminis-
tered within five half-lives of the first GE measurement. 
Diabetic complications were evaluated by a combination 
of history-taking, physical examination and review of 
medical records. Autonomic nerve function was assessed 
at baseline using standardized cardiovascular reflex tests. 
Parasympathetic function was evaluated by the variation 
(R–R interval) of the heart rate during deep breathing 
and the response to standing (30:15 ratio) while sympa-
thetic function was assessed by the fall in systolic blood 
pressure in response to standing.11

Measurement of GE
The test meal comprised 100 g ground beef labeled with 
20 MBq 99mTc-sulfur colloid chicken liver, and 150 mL of 
10% dextrose labeled with 7 MBq 67Ga-EDTA. The solid 
meal was consumed within 5 min, followed by the liquid 
within 1 min. Radioisotopic data were acquired with the 
subject seated with their back against a gamma camera 
(GE MPR Single Headed Gamma Camera) at 1-minute 
frames for the first hour and 3-minute frames thereafter. 
Time zero (t=0) was defined as meal completion and GE 
was measured for 120 min. Data were corrected for radio-
nuclide decay, gamma ray attenuation and subject move-
ment using previously described methods12 and GE curves 
expressed as percent retention over time derived. For the 
solid component of the meal, the percentage remaining in 
the stomach at 100 min (T100) and for the liquid compo-
nent the time for 50% emptying (T50) were measured.8 12

GE was classified as normal or delayed according to 
an established control range (delayed GE for solids is 
defined as >61% retention of the meal at 100 min and 
for liquids, a T50 of >31 min).1 2 Blood samples were 
obtained via an indwelling venous cannula at t = −2, 30, 
60, 90 and 120 min for measurement of plasma glucose 
using a hexokinase technique.2

The initial GE study was undertaken while the patient 
was receiving an intravenous insulin infusion. A medical 
doctor was present during the measurement of GE and 
the insulin infusion was adjusted according to the results 
of blood glucose measurements at 60 and 120 min.

Table 1  Participants’ baseline characteristics

Case Age range (years) Duration T1DM (years) HbA1c (%) BMI (kg/m2) Retinopathy Neuropathy Nephropathy

1 20–29 10 12.4 25.6 Nil Nil Nil

2 40–49 8 10.1 23.4 Nil Nil Nil

3 20–29 19 10.5 23.0 Yes Yes Yes

4 40–49 21 11.3 31.5 Yes Nil Nil

5 20–29 10 13.3 22.0 Nil Nil Nil

BMI, Body Mass Index; HbA1c, hemoglobin A1c; T1D, type 1 diabetes.

Figure 1  Study protocol. DKA, diabetic ketoacidosis; GE, gastric emptying.
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The second GE study was scheduled at 08:00 hours 
when half of the participant’s usual basal insulin dose was 
given (figure 1)

Statistical analysis
A paired Wilcoxon test was used to compare GE at 
the initial and follow-up studies. Data are reported as 
median±IQR.

RESULTS
Three men and two women, age 29±12 years; Body 
Mass Index 23±3 kg/m2; hemoglobin A1c (HbA1c) 
11.3%±1.9%, duration of T1D 10±9 years, were recruited 
(table 1). Three participants had no evidence of micro-
vascular complications, one had retinopathy alone and 
one had retinopathy, neuropathy and nephropathy. No 
participant had prior documented macrovascular compli-
cations. Baseline autonomic nerve function testing was 
normal in all participants. All participants had moderate 
DKA6 and were normokalemic at the time of the initial 

and follow-up studies (table 2). The initial GE study was 
conducted within 48 hours of admission when partici-
pants were able to tolerate oral intake.

There was no difference in either solid or liquid GE 
during DKA compared with after its resolution (figure 2). 
At the initial study, one participant had delayed solid 
and liquid emptying and two normal solid, but delayed 
liquid, GE. The participant with delayed solid and liquid 
emptying had normal solid GE on follow-up but liquid 
GE remained delayed. For the participants with normal 
solid, but delayed liquid GE, the liquid GE remained 
delayed at the follow-up study.

DISCUSSION
Our study suggests that moderate DKA has little, if any, 
effect on GE, challenging previous assumptions. One 
individual had moderately delayed solid emptying during 
ketoacidosis, which had normalized at follow-up, and 
in the three individuals with delayed liquid GE at the 

Table 2  Participant biochemistry

Case

Days 
postadmission 
of initial study

Days until 
timing of follow-
up study

Bicarbonate 
on admission 
(mmol/L)

Bicarbonate at 
follow-up GE 
study (mmol/L)

Glucose at 
commencement 
of initial GE study 
(mmol/L)

Glucose at 
commencement of 
follow-up GE study 
(mmol/L)

1 2 7 11 20 8.7 9.4

2 2 9 11 22 9.8 11

3 2 30 13 20 10.8 6.5

4 2 16 13 23 9.6 4.2

5 2 49 12 21 9.6 5.5

GE, gastric emptying.

Figure 2  Measurements of solid and liquid gastric emptying (GE) by scintigraphy as soon as practicable following acute 
diabetic ketoacidosis (DKA) (blue) and after at least 7 days postadmission for DKA (red). The shaded area (yellow) represents 
the normal range of GE.
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initial study, there was no significant change at follow-up. 
Measurement of nutrient liquid emptying (unlike water) 
is of comparable sensitivity to measurement of solid 
emptying for the diagnosis of gastroparesis.13 Our obser-
vations, accordingly, suggest that earlier introduction of 
oral feeding may be appropriate in ketoacidosis.

There are a number of factors that may potentially slow 
GE in DKA. In our study, all participants had suboptimal 
glycemic management as evidenced by a median HbA1c 
of 11.3% and two of the five participants had microvas-
cular complications, but none had severely delayed GE. 
Although acute dehydration slows GE in healthy men, 
our cohort was clinically euvolemic at the time of the 
initial study.14 While the solid and liquid GE were delayed 
in hyperglycemic clamp studies of individuals with T1D, 
where changes in blood glucose were abrupt,8 there is less 
certainty about the impact of hyperglycemia on GE in the 
setting of spontaneous elevations in glucose.15 The effect 
of metabolic acidosis on GE is uncertain, although in pig 
models, disordered gastric motility has been reported 
(although GE was not specifically measured) and rodent 
models have shown delayed GE during exercise-induced 
metabolic acidosis.16 17 Notably, our cohort did not have 
severe metabolic acidosis (ie, bicarbonate <10 mmol/L). 
Despite there being multiple factors that have the poten-
tial to delay GE in DKA, there was no evidence to suggest 
delay in either solid or liquid GE in our study. Limitations 
of this study are the small cohort size, lack of matching 
of glycemia at the initial and subsequent study and poor 
baseline glycemic control. GE was not evaluated at the 
time of significant ketoacidosis as measurement of GE 
requires oral intake to be considered clinically safe. 
While our study did not find markedly delayed GE of 
either solid or liquid nutrients in acute DKA in any of 
our participants, further and larger studies are required 
to confirm these findings before considering changes to 
established clinical practice.

CONCLUSION
GE of solids and liquids is not markedly delayed in 
moderate DKA.
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