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Introduction

Despite the use of technology, recurrent diabetic ketoacidosis (DKA) prevention remains an unmet need in children and adolescents with T1D and may be accompanied by life-threatening acute complications. We present a rare case of non-occlusive mesenteric ischemia (NOMI) with overt manifestation after DKA resolution and a discussion of recent literature addressing DKA-associated NOMI epidemiology and pathogenesis in children and adolescents.



Case Presentation

A 13-year-old female with previously diagnosed T1D, was admitted at our emergency department with hypovolemic shock, DKA, hyperosmolar state and acute kidney injury (AKI). Mildly progressive abdominal pain persisted after DKA correction and after repeated ultrasound evaluations ultimately suspect for intestinal perforation, an intraoperative diagnosis of NOMI was made.



Conclusion

The diagnosis of DKA-associated NOMI must be suspected in pediatric patients with DKA, persistent abdominal pain, and severe dehydration even after DKA resolution.
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Introduction

Diabetic ketoacidosis (DKA) is the most serious life-threatening acute complication of Type 1 Diabetes (T1D). (1) DKA may present as the first manifestation of T1D, but may also occur occasionally during the course of the disease, or, more rarely, become a recurrent problem. DKA commonly presents with a short history of symptoms developing over a few weeks. Diagnosis is based on standard biochemical (hyperglycemia and metabolic acidosis) and clinical (dehydration, nausea, vomiting) signs. Additionally, abdominal pain is frequently observed, especially in patients with severe metabolic acidosis. (2)

Although the cause of gastrointestinal involvement has not been fully elucidated, delayed gastric emptying, paralytic ileus, electrolyte disturbances and metabolic acidosis may be involved (3, 4). A lack of resolution within the first 24 hours of treatment should prompt investigation for other causes. (3)

We therefore present a rare case of non-occlusive mesenteric ischemia (NOMI) that presented as mild persistent abdominal pain in the context of progressively resolved severe DKA. An appraisal of recent literature regarding epidemiology and physiopathology of DKA-associated NOMI in children and adolescents will also be provided.



Case Report

A 13-year-old female with previously diagnosed T1D, was admitted to the emergency department presenting incoercible vomiting since the previous day, oligo-anuria and deteriorating state of consciousness. The girl had been diagnosed with autoimmune T1D at the age of 9 years (no DKA at onset). Past medical history was unremarkable. Sensor-augmented pump therapy (SAP) was started, and her follow-up was characterized by suboptimal glucose control (latest HbA1c of 60 mmol/mol).

On admission, the child presented in hypovolemic shock with an altered state of consciousness (GCS 12) without evident focal neurological signs, pale skin and Kussmaul respiration. Her physical examination was unremarkable except for decreased and tachycardic distal pulses, cool extremities, prolonged capillary refill (> 2 sec). Venous blood gas analysis and lab tests showed severe DKA, hyperosmolar state, and acute kidney injury (AKI) with hyperkaliemia, confirmed at ECG analysis (Table 1). Two boluses of normal saline were infused (10 mL/kg each) with improvement in vital parameters. No bicarbonates were administered. The patient was then transferred to the intensive care unit (ICU) and DKA correction was carried out according to the most recent guidelines with progressive resolution of the DKA, hyperosmolar state, AKI, and electrolyte imbalances. A brain CT excluded cerebral edema. (2) On arrival the patient’s pump controller showed that the patch pump had expired. Of note, the patch pump is designed to shut-off automatically after 72h, after sounding alarms to alert the user to change the pump when approaching expiration. The child later admitted to not having changed the expiring patch pump while at her grandparents’ due to her not having any replacements and in fear of her mother’s anger. When DKA resolved, the patient was transferred to the pediatrics department and her SAP was reinstated. Since admission she referred modest abdominal pain that had persisted throughout DKA treatment. No other signs or symptoms were present apart from slightly loose stools which were collected for microbiological testing. An abdominal ultrasound only showed slight thickening of the ileal wall. On day 2 since DKA resolution, Clostridium difficile toxin tested positive and oral vancomycin treatment was started. On day 4, follow-up US only confirmed signs of enterocolitis. On day 5, abdominal symptoms and signs worsened alongside onset of fever and elevation of inflammatory indices (CRP 145 mg/L, normal range <6 mg/L). Thus, abdominal ultrasound was repeated, documenting an uneven multi-chambered area of 8x3 cm with a small aerial component (Figure 1). Treatment with metronidazole was started and the patient was transferred to the city’s center of reference for pediatric surgery. Abdominal magnetic resonance imaging revealed a large, fluid-filled pelvic abscess with air bubbles suspect for bowel perforation, with parietal contrast enhancement (Figure 1). Therefore, an urgent ileal resection (44 cm) was performed, and NOMI was diagnosed intraoperatively. Antibiotic treatment with piperacillin-tazobactam and gentamicin was administered for 7 days, and treatment with metronidazole and vancomycin was continued for 10 days. The patient was discharged after 3 weeks of transition from parenteral to enteral feeding. Pre-discharge abdominal ultrasound resulted normal without signs of inflammation or free abdominal fluid.


Table 1 | Lab values.






Figure 1 | (A) Abdomen ultrasound showing an encapsulated abscess between bladder and uterus (arrow). (B–E) Abdomen MRI showing a pelvic large fluid-filled abscess (arrows) with air bubbles such as for bowel perforation (B–D: T2 weighted) with parietal contrast enhancement (E: T1 weighted) and normal adnexal region (arrowheads).





Discussion

Despite a recent Italian study has shown a decrease in the frequency of DKA at T1D diagnosis in children during the last years, DKA frequency remains unacceptably high. (4) Data on the incidence of recurrent DKA in children in Italy are less consistent. Retrospective study conducted in 29 Italian diabetes centers from November 2011 to April 2012 showed an incidence of secondary DKA of 2.4 events/100 py and tended to increase with age. (5) Lower socioeconomic status is associated with a higher risk of DKA and a higher rate of diabetes-related complications. (4, 6–9) The risk of DKA in children after diagnosis of T1D is usually resulting from intentional or inadvertent insulin omission, or sometimes associated with intercurrent illness and increased insulin requirement. (10–12) The classic clinical signs of DKA include polyuria, polydipsia, polyphagia, and weight loss, but they may progress rapidly to vomiting, abdominal pain, dehydration, weakness, and lethargy. Abdominal pain and ileus can result from potassium depletion, acidosis, and poor splanchnic perfusion. (13) These symptoms and signs have been described in 40-75% of the cases of DKA and typically resolve during the first 24 hours of treatment, after administration of fluids and insulin. (2) In the initial phase of DKA abdominal pain may be severe enough to mimic an acute abdomen. Surgery is warranted in 6% of adult cases (mainly for acute cholecystitis or appendicitis). (3, 14).


The Pathogenesis of DKA and NOMI

DKA is characterized by relative or absolute insulin deficiency and increased levels of counterregulatory hormones, such as glucagon, adrenaline, cortisol, growth hormone, and proinflammatory cytokines. (15) High plasma levels of counterregulatory hormone leads to gluconeogenesis and glycogenolysis with increased glucose production and decreased peripheral glucose utilization. This causes hyperglycemia, hyperosmolality, increased lipolysis, and ketogenesis. (13) Glucose-induced osmotic diuresis leads to vascular volume depletion, severe dehydration and low cardiac output; moreover, the high catecholaminergic expression may induce hypoperfusion. Therefore, a physiological mechanism is established to maintain the perfusion of vital organs at the expense of mesenteric perfusion. A mismatch between supply and demand develops in the intestine, due to persistent mesenteric vasoconstriction, resulting in reduced blood flow and oxygen supply to the intestine, particularly to the vulnerable superficial mucosa. (16) This represents the main pathological mechanism involved in the genesis NOMI which refers to acute mesenteric ischemia without occlusion of the mesenteric arteries (Figure 2). (17, 18) Tissue damage from NOMI usually begins with mesenteric vasospasm, however, blood flow restoration (such as during DKA fluid treatment) exacerbates injury due to ischemia/reperfusion. (19) After the onset of ischemia, three different processes may be distinguished: the ischemic phase, reperfusion and the injury phase. In acute arterial occlusion these processes occur sequentially; in non-occlusive ischemia different stages can occur simultaneously, intermittently, or even repeatedly. The re-establishment of oxygenated blood flow produces oxygen-free radical metabolites with local inflammation in previously hyperperfused regions of the intestine. Cell damage induced by prolonged ischemia-reperfusion injury may lead to apoptosis, autophagy, necrosis, and necroptosis. (20) The integrity of the membrane is lost, with further cell necrosis. Not only is the damaging effect of Reactive Oxygen Species (ROS) greater than that of pure ischemia, but the damage is also no longer limited to the ischemic area. (21) NOMI accounts for about 20-30% of all cases of mesenteric ischemia and represents a potentially lethal condition with mortality rates up to 50%. (17, 22–25)




Figure 2 | Non-occlusive mesenteric ischemia in DKA. Created with BioRender.com.





NOMI as Complication of DKA

It tends to occur mostly in elderly patients who have low-cardiac output and other risk factors, but several pediatric cases have been previously described. These children usually present with underlying diseases such as familial dysautonomia, Addison’s disease, situs inversus, burns, chemotherapy for hematological malignancies, encephalitis, and septic shock. (26–34) Although rare, NOMI is a complication of DKA observed in adult diabetic patients. (18) Most described cases are patients older than 50 years of age and their rapid worsening condition required surgery to remove necrotizing intestine. (35–39) Two pediatric cases of NOMI in the context of DKA have been documented (Table 2). (40, 41) The general clinical conditions and abdominal symptoms of these patients, despite adequate fluid resuscitation and insulin administration, suggest a concurrent complicating event. When distinctive signs of ischemia were revealed during imaging assessment, both children underwent laparotomy and subsequent intestinal resection. The clinical evolution of the adolescent male described by Chan Chua et al. was probably driven by underlying neurological comorbidities (autonomic neuropathy). (41) Presently, the 3-year-old girl described by Di Meglio et al. is the only reported case of NOMI in a previously healthy child at T1D onset. (40) The pathogenesis of NOMI in DKA remains elusive although the two conditions most probably involve at least partially shared underlying mechanisms. Several previous studies have suggested that mesenteric artery spasm may be promoted by catecholamine, renin-angiotensin system and vasopressin activation during DKA. (42) Nieuwdorp M et al. have also suggested that endothelial glycocalyx (EG) dysfunction may be one of the possible mechanisms of NOMI onset in DKA. (43) EG is a layer of proteoglycans that covers the vascular endothelium, consisting of a core protein that carries one or more covalently attached glycosaminoglycan chains; it regulates vascular tone and permeability, inflammation and coagulation. (18, 44) EG damage during hyperglycemic conditions may cause vasospasm, hypoperfusion, as well as promoting inflammation and microthrombi formation due to hypercoagulability, ultimately resulting in NOMI. (18)


Table 2 | Summary of pediatric DKA-related NOMI in literature.






Conclusion

Despite the use of technology, recurrent DKA prevention remains an unmet need in children and adolescents with T1D and may be accompanied by life-threatening acute complications. The diagnosis of DKA-associated NOMI must be suspected in pediatric patients with DKA, persistent abdominal pain, and severe dehydration. Importantly, our case underlines how NOMI may exhibit a very subtle onset with mildly progressive abdominal pain, and unremarkable ultrasound imaging over days until overt symptoms and signs of complications (ie. Intestinal perforation) manifest.
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