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Abstract 

Super-refractory status epilepticus (SRSE) is a serious and life-threatening neurological condition. Ketogenic diet (KD) 
is a diet characterized by high fat, low carbohydrate, and moderate protein. As KD shows effectiveness in controlling 
seizures in more than half of SRSE patients, it can be a treatment option for SRSE. Currently, KD treatment for SRSE is 
based on personal experience and observational evidence has been published. In the context of a lack of a validated 
guideline, we convened a multicenter expert panel within the China Association Against Epilepsy (CAAE) Ketogenic 
Diet Commission to work out the Chinese expert recommendations on KD for SRSE. We summarize and discuss the 
latest clinical practice of KD for SRSE in critical care settings. Recommendations are given on patient selection, the 
timing of KD, diet implementation, and follow-up. More research data are needed in this area to support better clinical 
practice.
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Introduction
According to the International League Against Epilepsy 
(ILAE) definition, status epilepticus (SE) is either the 
failure of the mechanism responsible for seizure termi-
nation or the initiation of a mechanism leading to abnor-
mally prolonged seizures, which can have long-term 
consequences [1]. Refractory SE (RSE) is defined as SE 
resistant to an adequate dose of an initial benzodiaze-
pine and acceptable second-line antiseizure medication. 

Super-refractory SE (SRSE) is defined as RSE that persists 
after 24  h of appropriate anesthetic therapy or recurs 
upon reduction or withdrawal of anesthetics [2, 3]. SRSE 
is a serious and life-threatening neurological condition, 
resulting in a mortality rate of 30% to 50% as reported 
by different studies and significant neurological deficits 
and functional impairments [4–7]. Therefore, determin-
ing the optimal management for SRSE is critical. How-
ever, there are currently no clear protocols to treat SRSE. 
Apart from the antiseizure agents and anesthetics, other 
alternative options for SRSE treatment include ketogenic 
diet (KD), neuromodulation devices, emergent resective 
surgery, pyridoxine infusion, cerebrospinal fluid drainage, 
and magnesium infusion [8]. However, when continuous 
infusion as first- or second-line treatment fails to achieve 
satisfactory therapeutic endpoints, we are frustrated with 
the limited guidelines for treatment options due to the 
lack of robust data.

Open Access

Acta Epileptologica

*Correspondence:  lrscu@scu.edu.cn; liaojianxiang@vip.sina.com; 
qinjiong@pkuph.edu.cn
†Xin Tong and Qianyun Cai contributed equally to this work.
1 Department of Pediatrics, West China Second University Hospital, 
Sichuan University, Chengdu 610041, China
2 Department of Neurology, Shenzhen Children’s Hospital, 
Shenzhen 518035, China
14 Department of Pediatrics, Peking University People’s Hospital, 
Beijing 100044, China
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-2857-4327
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42494-021-00078-6&domain=pdf


Page 2 of 11Tong et al. Acta Epileptologica             (2022) 4:8 

KD is a high-fat, low-carbohydrate, and moderate-
protein diet that can alter the primary cerebral energy 
metabolism from glucose to ketone bodies and involves 
multiple mechanisms of antiepileptic action and antie-
pileptogenic properties [9–11]. Although KD is typi-
cally suggested for chronic intractable epilepsy, recent 
studies have illustrated the safety and reasonable effi-
cacy of KD in treating SRSE in both adults and children 
[12–15]. Treatment for SRSE is difficult due to the fail-
ure of first- and second-line therapies. Despite the insuf-
ficient evidence for KD use as an established treatment 
for SRSE, previous studies have repeatedly demonstrated 
the essential role of KD in cutting off continuous infu-
sion of anesthetic agents, weaning from mechanical 
ventilation, or controlling seizures in more than half of 
patients [12, 13, 15–21]. As recommended by the Inter-
national Ketogenic Diet Study Group, KD is “particularly 
useful” for SRSE, with greater benefits (> 70%) than the 
average KD response (defined as > 50% seizure reduc-
tion) [9]. In addition, KD is relatively easy to implement 
in critical care settings without hemodynamic instabil-
ity and respiratory depression seen in anesthesia [13, 15, 
17]. However, since no controlled or randomized studies 
are available on this issue, further management of SRSE 
using approaches other than anesthetics and antiseizure 
agents is based on personal experience and published 
evidence is from observational studies. In the context of 
a lack of validated guideline, we convened a multicenter 
expert panel within the China Association Against Epi-
lepsy (CAAE) Ketogenic Diet Commission [22], to work 
out the Chinese expert recommendations on KD for 
SRSE treatment.

Patient selection
Indications
Up to now, all available data on KD for RSE/SRSE treat-
ment are from clinical retrospective studies or case 
reports, except for two prospective studies [14, 23]. Pre-
vious studies, although including highly heterogeneous 
patients, have collectively demonstrated feasibility and 
safety of the use of KD for RSE/SRSE treatment.

Schoeler et  al. have systematically reviewed reports 
on the use of KD in children with SRSE [21]. They iden-
tified 31 articles including 147 children with SRSE. In 
25 studies with information on sex, 60 of 114 (53%) 
children were boys. In 26 studies with clear informa-
tion given, 30 out of 108 (28%) children had epilepsy 
prior to SRSE. The most common diagnosis/etiology 
of SRSE was febrile infection-related epilepsy syn-
drome (FIRES), reported in 72/126 (57%) children with 
known etiology [21]. Autoimmune encephalitis and 
viral encephalitis are also common etiologies in chil-
dren [12]. Among the 147 children, 141 (96%) achieved 

ketosis, and 85 of the 141 (60%) children achieved reso-
lution of SRSE after a mean of 6.3 ± 4.4 days of KD [21]. 
For adults, another systematic review summarized 17 
articles, which contained 55 adults (22 males, 40%) with 
RSE/SRSE receiving adjunctive KD [24]. The reported 
common etiologies in the adults included new-onset 
RSE, viral or autoimmune encephalitis, brain ischemic 
or hemorrhagic disease, and traumatic brain injury. KD 
successfully achieved cessation of SE in 45 out of the 
55 (82%) patients [24]. Types of SE reported included 
generalized, focal motor, myoclonic, and nonconvulsive 
in both children and adults [12, 16]. Taken together, in 
these studies involving patients with different sex, ages, 
seizure types and diagnosis/etiology, most patients 
achieved cessation of SE after KD initiation.

KD can effectively treat epilepsy in individuals from 
infancy to adulthood [9]. Many studies have indicated 
that KD is safe, tolerable, and possibly more advanta-
geous for infants with drug-resistant epilepsy, including 
those aged around 1  month [25–28]. Nevertheless, few 
reports have focused on the use of KD in very young 
infants (< 3  months) with RES/SRSE in intensive care 
units (ICUs). According to the age information given 
in 27 studies in the systemic review [21], SRSE children 
treated with KD had a mean age of 4.2 years. The young-
est SRSE patients who received KD safely were 0.1 year 
old (two cases) [13, 21]. Based on the available data and 
our experience, we consider that KD is basically safe and 
feasible for the treatment of SRSE in patients older than 
1 month, even though further research on the safety and 
efficacy of KD in very young infants with SRSE is still 
needed. Meanwhile, since young infants are more vulner-
able to adverse events such as hypoglycemia and acidosis, 
they should be more closely monitored when receiving 
KD.

SE can have different presentations, such as convulsive, 
nonconvulsive, focal motor, focal sensory, focal impair-
ment of function. It has been observed that patients with 
some types of SE respond well to KD. Caraballo sum-
marized 3 major SE types that are most likely to respond 
to KD: focal and less frequently generalized SE (primar-
ily in focal epilepsies of diverse etiologies), pure form of 
myoclonic SE, and nonconvulsive and/or electrical SE (in 
the framework of epileptic encephalopathies) [16, 29]. A 
large number of studies on the use of KD have been con-
ducted in children and adults with motor, focal noncon-
vulsive, myoclonic, and generalized RSE/SRSE, and good 
responses have been shown in these SE types [13, 16, 
18, 23, 30–38]. In children, many epileptic encephalopa-
thies are associated with nonconvulsive and electrical SE, 
including electrical SE during sleep and hypsarrhythmia. 
KD has also shown efficacy in these conditions [16, 39, 
40].
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In addition, KD works particularly well in certain epi-
lepsy syndromes and etiologies. It is well known that KD 
is the first choice for glucose transporter protein 1 defi-
ciency syndrome and pyruvate dehydrogenase deficiency. 
In both disorders, ketones provided by KD can bypass 
the metabolic defect and serve as an alternative fuel 
to the brain [9, 41]. Apart from them, FIRES, infantile 
spasms, tuberous sclerosis complex, Dravet syndrome, 
Angelman syndrome, complex Ι mitochondrial disor-
ders, Ohtahara syndrome, and myoclonic-astatic epi-
lepsy (Doose syndrome) as well as SRSE can benefit more 
from KD as studies have consistently shown an at least 
20% improvement in efficacy above the average 50% KD 
response [9, 29, 42]. Therefore, these disorders are clas-
sified as “indications” of KD by the latest international 
consensus guideline [9]. It is particularly noteworthy that 
FIRES is the most common etiology of childhood SRSE 
[21], and SRSE caused by FIRES is suggested to respond 
well to KD, especially with early initiation [13, 18]. KD is 
also demonstrated to be effective in the control or pre-
vention of SE in patients with Dravet syndrome [43, 44]. 
However, many of these “indications” of KD are rarely 
reported in RSE/SRSE patients receiving KD treatment, 
due in part to the etiological feature of RSE/SRSE itself, 
or the small sample size in related studies.

Recommendations
KD can be considered for patients of either sex at any age 
with a diagnosis of SRSE and with no contraindications 
to KD. At present, there are very few reports of KD appli-
cation in very young infants with SRSE. However, more 
KD applications in young infants with drug-resistant epi-
lepsy have shown its safety. Based on the available data 
so far, the expert panel considers that it is basically safe 
and feasible to use KD in patients with SRSE older than 
1 month. But it needs to be emphasized that the young 
infants should be monitored closely. In addition, KD can 
be indicated for SRSE with diverse seizure types and eti-
ologies. For certain epilepsy syndromes and etiologies, 
such as FIRES and Dravet syndrome, it is reasonable to 
give priority consideration for KD and/or start KD earlier 
due to the high response rate.

Contraindications
As KD induces a shift from carbohydrates to lipids as 
the primary energy source, patients with a disorder of 
fat metabolism might develop severe catabolic deterio-
ration in the setting of fasting or a KD. Therefore, KD 
is absolutely contraindicated in metabolic disorders 
involving fatty acid transport and oxidation, including 
primary carnitine deficiency, carnitine palmitoyltrans-
ferase I or II deficiency, carnitine translocase deficiency, 
β-oxidation defects, long- or medium- or short-chain 

acyl dehydrogenase deficiency, long- or medium-chain 
3-hydroxyacyl-CoA deficiency, and pyruvate carboxy-
lase deficiency. And as the lack of carbohydrates is a 
precipitating factor for relapse of porphyria, patients 
with this condition should avoid KD [9, 15, 45]. Before 
initiation of KD, patients should be screened for the 
above disorders especially in the pediatric population. 
These rare metabolic disorders are typically diagnosed 
in early childhood, and thus are typically not a major 
consideration in adults presenting with new-onset epi-
lepsy or SE.

Propofol is often used for the treatment of RSE. In 
both children and adults, long-term infusion of propo-
fol may cause a rare but potentially fatal complica-
tion – the propofol infusion syndrome (PRIS). PRIS is 
characterized by metabolic acidosis, rhabdomyolysis, 
or electrocardiogram (ECG) changes, with or without 
acute kidney injury, hyperkalaemia, lipidaemia, cardiac 
failure, fever, elevated liver enzymes, or raised lactate. 
The mechanism underlying the development of PRIS is 
still unclear. Previous studies have suggested impaired 
fatty acid oxidation and lipid microembolization as 
potential mechanisms [46, 47]. Although evidence 
for possible interactions between propofol and KD-
induced metabolic changes is insufficient, there can be 
an increased risk of developing PRIS when these two 
therapies are combined. A case of fatal PRIS associated 
with the initiation of KD has been reported [47]. For 
this reason, the use of propofol within 24 h is listed as a 
relative contraindication to KD.

For KD application in SRSE, conditions specific to 
critically ill patients may complicate the treatment. 
Dysfunctions of certain organs or systems may cause 
failure to support the change of energy source, or the 
latter may worsen the already unstable internal envi-
ronment. Therefore, severe complications and unstable 
vital signs and/or internal environment can be consid-
ered as relative contraindications to KD in SRSE. Such 
conditions include unstable metabolic (including blood 
glucose, sodium, calcium and pH), hemodynamic or 
cardiopulmonary conditions, severe infection, severe 
malnutrition, acute pancreatitis, liver and renal failure, 
coagulopathy, etc.[14–16, 32, 45, 48]. Liver or kidney 
damage that has not reached the terminal stage would 
not be a contraindication to KD [45]. As hyperlipidemia 
is a common adverse effect of KD and can occur early 
after KD initiation [9], KD therapy should be applied 
with caution in patients with total cholesterol > 300 mg/
dL. Lastly, as the safety of KD during pregnancy has not 
been established yet, pregnancy should also be listed as 
a relative contraindication.
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Recommendations
Known fatty acid transport and oxidation disorders, 
pyruvate carboxylase deficiency and porphyria are abso-
lute contraindications to KD. Exposure to propofol within 
24 h before KD initiation, total cholesterol > 300 mg/dL, 
pregnancy, severe complications and unstable vital signs 
and/or internal environment (metabolic, hemodynamic, 
or cardiopulmonary instability, severe infection, severe 
malnutrition, acute pancreatitis, liver and renal failure, 
coagulopathy, etc.) are relative contraindications to KD in 
SRES.

Timing of KD
When SE is refractory to general anesthesia for more 
than 24 h, alternative anesthetics like ketamine, second- 
and third-line anticonvulsants, combination of multiple 
anticonvulsants, or maximizing doses of anticonvulsants 
are usually tried. Other therapies including KD could also 
be considered [8, 49].

In clinical practice, questions regarding the proper tim-
ing of KD arise frequently. However, the optimal timing 
for KD initiation in the treatment of SRSE has not been 
successfully determined yet. In the past, KD was usually 
initiated late in the course of SRSE. In previous reports, 
the interval between the onset of SE and initiation of KD 
varied widely from 1 to 420 days, with a mean interval of 
24 days [12, 13, 16, 18]. Risks may arise from the long lag 
from SE onset to KD initiation, as unremitting seizures, 
prolonged coma therapy, ventilatory support, and use 
of a number of anticonvulsants during this period may 
increase the risk of serious infection, critical multiorgan 
dysfunction, and irreversible brain damage.

It has been revealed that KD plays an essential role in 
cutting off continuous infusion of anesthetic agents or 
controlling seizures in more than half of patients. KD is 
also helpful for weaning from mechanical ventilation [12, 
13, 15–21]. Based on its known antiepileptogenic effects, 
theoretical neuroprotective properties, and low adverse 
effect profile, in recent studies there is a growing trend 
towards earlier consideration of KD in the treatment 
algorithm for RSE/SRSE [13, 16, 19, 34, 50]. Lin et  al. 
summarized 8 large serial studies published in recent 
years, and in most of the studies, more than half of the 
patients started KD within 2  weeks after SE onset [50]. 
Farias-Moeller et  al. have reported that the initiation of 
KD was becoming earlier in recent years, from 28  days 
during 2005–2010 to 14.8  days during 2011–2016 [19]. 
Although a causal effect is difficult to determine, the 
timing of KD initiation may be crucial for its efficacy. 
By reviewing 31 articles, Schoeler et  al. found that KD 
is more likely to induce a response when initiated earlier 
in the course of SRSE (P = 0.03) [21]. Considering that 
the mechanisms by which KD suppresses seizures are 

different from those of antiseizure medication, Park et al. 
suggested an early consideration of KD when seizures 
persist after 48 h of continuous anesthetic agents or recur 
upon tapering continuous anesthetics [13]. Furthermore, 
KD has shown to work particularly well in certain con-
ditions as we discussed above. It can be hypothesized 
that in RSE/SRSE with certain etiologies, early initia-
tion of KD would be more beneficial. Taking FIRES as 
an example, Peng et al. observed a better outcome (lower 
modified Rankin Scale score) in SRSE patients of FIRES 
etiology when KD was started within 15  days after SE 
onset [18]. Taken together, most experts believe that KD 
is a prioritized option when we start to consider other 
options apart from antiseizure medication and anesthet-
ics (i.e., when SE persisted more than 24  h after appro-
priately chosen and dosed continuous anesthetics), rather 
than a last-choice after all other attempts have failed.

In addition, three important points should be noted. 
First, the SRSE must be real SRSE, not iatrogenic SRSE. 
For the latter, stopping the inappropriate interventions 
is the key. Second, etiological evaluations (including 
neuroimaging, genetics, cerebrospinal  fluid pathogen 
and immunological analysis) are critical throughout the 
whole process of SE management. Once the etiology is 
identified, priority should be given to etiological treat-
ment. Third, immunotherapy may be prioritized ahead 
of KD in many cases, especially for new-onset RSE/SRSE. 
Inflammatory or autoimmune encephalitis is one of the 
main etiologies of SE, and it is not always identifiable. 
We should keep in mind the possibility of inflammatory 
or autoimmune etiology in conditions such as subacute 
onset of seizures with possible neuropsychiatric symp-
toms, high seizure frequency, multifocal localization, and 
history of cancer or autoimmune disease. Even in new-
onset RSE/SRSE with unclear etiology, immunotherapy 
might be efficacious [2, 51–53]. Although evidence-based 
immunotherapy guideline is currently lacking, based on 
our experience, immunotherapy can be given when the 
etiology of SRSE is not clear or there is a suspicion of 
immunological etiology. Before starting KD, it is better 
to try at least one immunotherapy such as high-dose cor-
ticosteroids, intravenous immunoglobulin, and plasma-
pheresis, most of which are easy to implement.

Recommendation
KD can be considered as early as 24  h after continuous 
anesthetics infusion if seizures persist or recur upon 
tapering the anesthetics. And it is better to try at least 
one immunotherapy (corticosteroids, intravenous immu-
noglobulin, or plasmapheresis) before starting KD for 
SRSE with immunological or unclear etiology. The early 
use initiative is particularly relevant in certain epilepsy 
syndromes and etiologies in which KD has been shown 
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to be “good early”, for which FIRES is the most obvious 
example.

Diet implementation
Initiation of KD in SRSE in critical care settings is often 
associated with significant challenges including multiple 
intravenous infusions, difficulty in eliminating all sources 
of carbohydrates, use of corticosteroids which can inhibit 
the establishment of ketosis, inability to provide enteral 
nutrition, and lack of a skilled team with expertise in KD 
formulation and implementation. As these challenges 
involve multidisciplinary issues, a trained collaborative 
team composed of neurologists/epileptologists, intensiv-
ists, dietitians, pharmacists, and nurses is important and 
should be involved throughout the course of KD imple-
mentation in critical care settings [13, 15, 19, 34].

At present, despite the lack of validated guidelines, 
considerable experience in practice has been accumu-
lated. The International Ketogenic Diet Study Group has 
given detailed recommendations on various aspects of 
KD use in the treatment of epilepsy in children. Most of 
them are also applicable in KD treatment for SRSE [9]. 
Some clinical studies have reported practical approaches 
which seem to work well in their respective centers [13, 
14, 19, 35, 48, 54]. Here, we propose a protocol to imple-
ment KD for SRSE in ICUs based on the current reviews 
and clinical practice (Fig. 1).

Pre‑diet evaluation
After ruling out contraindications, a pre-diet evaluation 
is recommended before KD initiation. By measuring the 
height and weight, the basic nutritional status is evalu-
ated and the required calories and fluid are estimated. 
To help evaluate the seizure type, nutritional status and 
complications, we recommend the following laboratory 
and ancillary examinations, by combining the experience 
of other centers [9, 13, 14, 19, 35, 48, 54]: complete blood 
count, fasting lipid profile, electrolyte and trace ele-
ments (including calcium, phosphorus, iron, magnesium, 
zinc, selenium), serum liver and kidney tests, blood gas 
analysis (including serum bicarbonate), serum acylcar-
nitine profile, vitamin D level, urinalysis (including urine 
ketones), and electroencephalogram (EEG). If applica-
ble and conditions permit, continuous EEG monitoring, 
abdominal and urinary ultrasound, ECG and echocardi-
ography (strongly needed in the presence of a history of 
heart disease), bone age (for children) and bone mineral 
density, amylase and lipase (for parenteral KD) test are 
advised.

Recommendations
The recommended pre-diet evaluation includes base-
line weight and height; complete blood count, fasting 

lipid profile, electrolyte and trace elements, serum liver 
and kidney tests, blood gas analysis, serum acylcarnitine 
profile, vitamin D level, urinalysis, and EEG. Optional 
examinations include continuous EEG monitoring, 
abdominal and urinary ultrasound, ECG and echocardi-
ography, bone age and bone mineral density, amylase and 
lipase test.

Diet initiation and maintenance
Feeding methods
Due to the anesthetic-induced coma therapy, most of the 
patients with SRSE are enterally fed via a gastrostomy 
or a nasogastric tube. In this condition, KD may be pro-
vided as an all-liquid, formula-based diet. Liquid diets 
may be appropriate as enteral delivery has good patient 
compliance and high efficacy [55, 56]. There is a variety 
of commercial formula products available. Although all 
products are fortified with vitamins and minerals, the 
diet therapy should be supplemented to meet the Dietary 
Reference Intakes (DRIs) [57, 58].

In ICUs, because of the critical status of the patients 
who are often in a coma or unable to tolerate enteral 
feeds (due to, e.g., ileus and intestinal failure), some-
times KD therapy needs to be started through parenteral 
administration, which usually acts as a temporary bridge 
towards enteral KD [59].

The preparation of parenteral KD could be feasible 
with commercially available, standard intravenous fat 
and amino acid solutions [60, 61]. For example, a par-
enteral KD preparation can contain commercially avail-
able fat emulsion with medium-chain triglycerides (20% 
lipid emulsion), fat emulsion with long-chain triglyceride 
(20% lipid emulsion), and amino acid hyperalimenta-
tion (6.67% or 10% concentration). Glucose-free solu-
tions such as saline can also be contained as required. 
Ketogenic parenteral nutrition can be prepared by prop-
erly combining these solutions. The Ketogenic parenteral 
nutrition is mixed in a laminar air flow under sterile con-
ditions and administered to the patient via a central or a 
peripheral line [62]. It can be infused continuously over 
16 h and stopped for 8 h at nighttime.

Intravenous KD may increase the risk of transient 
elevation of liver enzymes, lipid profiles, and pancreatic 
enzyme concentrations. Additionally, patients with SRSE 
are often receiving multiple medications that are metabo-
lized in the liver. Intravenous KD may enhance cholesta-
sis and hepatotoxicity [33, 60]. Farias-Moeller et al. once 
reported a 5-year-old child who experienced severe pan-
creatitis while being on the combinational treatment of 
valproic acid and intravenous KD [19]. Therefore, enteral 
KD is preferred if the patient condition permits, and rig-
orous monitoring of lipids and pancreatic enzymes in 
patients receiving parenteral KD is required. As soon as 
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Fig. 1 The recommended implementation protocol of ketogenic diet for super-refractory status epilepticus
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the patient can absorb nutrients through the digestive 
tract, intravenous KD should be switched to enteral or 
oral administration.

Recommendations
Enteral KD is preferred if the patient condition permits. 
Parenteral KD may benefit patients with enteral feeding 
intolerance. Ketogenic parenteral nutrition can be pre-
pared with commercially available fat and amino acid 
solutions. Intravenous administration of KD should be 
switched to enteral or oral approach once the patient can 
absorb nutrients through the digestive tract.

Classic KD
The determination of diet regimen requires professional 
help from dietitians. According to the available reports, 
the majority of patients with RSE/SRSE follow the clas-
sic KD. Almost all adults and 83% (74/89) of children are 
given a target ketogenic ratio (fat to protein plus carbo-
hydrates) of 4:1 [12, 21, 24]. Till now, the efficacy of dif-
ferent ketogenic ratios for SRSE has not been specially 
compared because of the rarity of the disease. As patient 
compliance to KD is usually not an issue in patients 
with RSE/SRSE due to their critical condition, KD can 
be started or rapidly escalated to the 4:1 ratio [12, 23]. 
This aggressive administration helps to produce ketosis 
quickly and effectively. On the other hand, some studies 
have reported the use of a stepwise approach, which initi-
ates KD at a low ratio and then gradually advances to the 
ratio of 3–4:1. This approach shows comparable efficacy 
in suppressing SE, but may lead to delayed ketosis [18, 35, 
63].

As ketone bodies are considered to have an antiepilep-
togenic effect, one of the goals of KD therapy is to achieve 
ketosis [10]. Successful KD initiation marked by achieve-
ment of ketosis is feasible in the ICUs, and in literature, 
96% of children could achieve ketosis [21]. Regard-
ing the optional levels of ketosis, current data from lit-
erature are insufficient. In addition, a consistent ketosis 
level may not be easy to maintain in the ICUs partly due 
to the complicated concomitant medications such as 
corticosteroids, barbiturates, anesthetics, and carbohy-
drate-containing medications. The common presence of 
carbohydrates in medications and intravenous fluids can 
interfere with the production of ketone bodies. Minimiz-
ing carbohydrates in medications and fluids is therefore 
essential for the onset and maintenance of ketosis. The 
limitation of carbohydrates of medical origin should be 
assisted by pharmacists, and a well-designed treatment 
protocol can help achieve ketosis more efficiently. In two 
studies with standardized KD treatment protocols, keto-
sis was achieved in 25 out of 26 (96%) adult patients with 
RSE/SRSE, and the median time to achieve ketosis was 

1–2 days. In contrast, in earlier case reports, the time to 
achieve ketosis was at least 3.5 days in adults with RSE/
SRSE [24].

The traditional method of initiating KD involves a 
period of fasting (12–24  h), with no carbohydrate-con-
taining fluids provided. Fasting may lead to a quicker 
ketosis and seizure reduction, and therefore is advanta-
geous for SRSE where a more immediate response is 
desired [64, 65]. However, fasting is by no means manda-
tory. Since it may lead to additional adverse events such 
as hypoglycemia and acidosis, fasting should be consid-
ered on an individual basis. If fasting is applied, glycemia 
and serum bicarbonate should be monitored frequently 
[9, 66]. Yet in the current literature, a compromised 
approach has been successfully applied in SRSE patients 
in some centers, which includes a 1/3 or 1/2 cal for the 
first 24 h, followed by advancement in every 1–3 days by 
1/3 or 1/2 caloric intervals until full calories [13, 14, 18, 
50]. This approach seems to offer a good balance between 
efficacy and side effects. For infants, it is more appropri-
ate to initiate KD with a low ketogenic ratio (e.g., 1:1 or 
2:1) and then gradually advance and titrate the ratio [50, 
67, 68].

Recommendations
Classic KD with a 4:1 ratio is recommended. If there is 
no patient compliance issue, KD initiation with this high 
ratio directly is usually feasible and effective. And the 
ratio can also be individualized on a case-by-case basis 
and adjusted as needed. For example, it is suggested that 
KD start with a lower ketogenic ratio and/or a lower 
portion of energy needs, and then advance it to the goal 
ratio and/or full calories. Fasting is optional when a more 
rapid KD benefit is desired.

Alternative KD types
Less restrictive types of KD, such as the modified Atkins 
diet (MAD) and the low glycemic index treatment 
(LGIT), have also been successfully used to treat patients 
with nonconvulsive SE [30, 69]. Numerous studies on 
intractable epilepsy have shown that compared with the 
classic KD, MAD and LGIT have advantage of better tol-
erability [70]. However, clinical experience on these KD 
variants for SRSE treatment is too little to make a con-
clusion. For patients with SRSE, compliance problems 
rarely occur in the acute phase; instead, they may arise 
when patients begin to eat orally. In this case, a switch 
from classic KD to MAD or LGIT can be considered, 
especially for adolescents and adults.

Recommendations
When compliance issues arise from the start of oral feed-
ing or when patients intend to continue KD in the long 
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term, alternative KD such as MAD and LGIT can be con-
sidered, especially for teenagers and adults.

Supplementation
For non-full nutritional formula, carbohydrate-free mul-
tivitamin, minerals, vitamin D and calcium should be 
supplied to meet the recommended daily nutritional 
requirements. Although commercial formula-based KD 
products are usually fortified with vitamins and miner-
als, supplementations are sometimes still needed accord-
ing to DRIs. And age-appropriate requirements should be 
considered [9, 71, 72]. Oral citrates can reduce the risk of 
metabolic acidosis and kidney stones in children treated 
with KD [9, 73]. They can be supplemented in patients 
receiving enteral or oral nutrition. Carnitine supplemen-
tation has been a controversial issue. Empiric carnitine 
supplementation can be expensive and adds an additional 
medication to patients. Most ketogenic centers recom-
mend carnitine supplementation if it is at a low level or 
when patients become symptomatic [9, 74].

Recommendations
Multivitamin, minerals, vitamin D, calcium, citrates, and 
carnitine can be supplemented according to patients’ 
condition.

Monitoring and adverse events
First, monitoring of vital signs, including continu-
ous ECG, is required. This is usually the default set-
ting in ICUs. Second, once KD is initiated, serum 
glucose (e.g., q4h, and then q8h after ketosis), serum 
β-hydroxybutyrate (e.g., q24h) and urine ketones (e.g., 
q12h-q24h) should be monitored to assess the keto-
sis status[9, 13, 14, 19, 34]. Ketosis can be defined 
as > 3  mmol/L serum β-hydroxybutyrate, or > 3 + urine 
ketones [13, 21]. The serum ketosis is more accurate, but 
it is more expensive and requires finger sticks. We rec-
ommend that both indicators be monitored during KD 
implementation [75]. Third, assessments including com-
plete blood count, fasting lipid profile, electrolyte, serum 
liver and kidney tests, blood gas analysis, and urinalysis 
should be appropriately re-examined to detect adverse 
events and complications. The adverse events/complica-
tions requiring interventions include metabolic acidosis 
defined as serum  CO2 < 16  mmol/L and hypoglycemia 
defined as serum glucose < 2.2 mmol/L, for which inter-
ventions include bicarbonate and sugar supplementa-
tion, respectively. Fourth, EEG should be re-examined in 
a timely manner to assess the epileptic electrical activity. 
In institutions where conditions permit, continuous EEG 
monitoring is strongly recommended. Lastly, during a 
long KD therapy, weight and height should be measured 
weekly and urinary ultrasound, bone mineral density, and 

vitamin D level should be re-examined regularly to reas-
sess the nutritional status and detect long-term adverse 
events/complications [9].

KD is generally safe in RSE/SRSE cohorts. Adverse 
events have been reported in about 1/3–1/2 of the 
patients with RSE/SRSE [12, 21]. Commonly reported 
adverse events are similar in children and adults, includ-
ing gastrointestinal disturbance (e.g., regurgitation, vom-
iting, constipation, diarrhea, abdominal distention, and 
gastrointestinal paresis), hyperlipidemia, acidosis, and 
hypoglycemia. Other less common side effects include 
elevated liver enzymes, hypokalemia, hyponatremia, 
hypoproteinemia, weight loss, kidney stones, pancreati-
tis, and arrhythmia. KD should be stopped when serious 
adverse events occur, such as fatal arrhythmia (ventricu-
lar fibrillation) and pancreatitis [12, 21, 76]. Some serious 
complications such as sepsis and aspiration pneumonia 
have also been reported, which, however, are not nec-
essarily attributable to KD. The majority of the adverse 
events could be successfully managed with symptomatic 
and supportive treatment and do not necessitate KD 
discontinuation [12, 15, 21]. Still, close monitoring and 
preventive management of potential adverse events are 
important for successful KD treatment.

Recommendations
After KD initiation, it is recommended to closely moni-
tor serum glucose, serum β-hydroxybutyrate and urine 
ketones, and timely re-examine the complete blood 
count, fasting lipid profile, electrolyte, serum liver and 
kidney tests, blood gas analysis, and urinalysis. Regular 
EEG or continuous EEG monitoring is key to the evalu-
ation of therapeutic effect. During a long KD therapy, 
weekly measurement of weight and height and regular 
examination of urinary ultrasound, bone mineral den-
sity, and vitamin D level are recommended. The most 
common adverse events are gastrointestinal symptoms, 
hyperlipidemia, acidosis, and hypoglycemia. Most of the 
patients can well tolerate the diet without serious adverse 
events. Close monitoring and preventive management of 
potential adverse events are important.

Follow‑up
The optimal duration of KD after SE remission is uncer-
tain. In the literature, many SRSE patients with good 
response to KD would continue the diet for weeks to 
months [77]. Decision on whether to continue or wean 
KD should be made based on the individual’s condition, 
with comprehensive considerations of seizure control, 
EEG, cognitive function, tolerability, compliance, and 
socio-economic situation, etc. We do not have enough 
evidence at this stage to give a suggestion on the time 
and the criteria for KD termination. Neither does the 
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expert panel have a consensus on this issue. Meanwhile, 
some experts suggest that patients with immune-related 
etiologies (including FIRES) or unknown causes should 
adhere to KD for at least 3–6 months after SE remission, 
and patients with a clear acute cause, such as intracra-
nial hemorrhage, can wean KD after 2  weeks of seizure 
control. For patients with a previous history of epilepsy, 
or who have developed chronic epilepsy, KD can also be 
continued as part of the long-term epilepsy management.

To transition off KD, the ketogenic ratio can be 
decreased by 0.5:1 every week until negative urine 
ketones, and then a regular diet is started [19]. If KD is 
continued, there is a need for extensive dietary educa-
tion on practical issues, such as KD prescription, meal 
planning and preparation, monitoring indicators and 
methods, and supplements. It is also important to help 
patients and their families understand and accept the 
limitations and difficulties of long-term KD treatment. 
Classic KD can be changed to other types such as MAD 
and LGIT if necessary. Home monitoring of blood glu-
cose, blood or urine ketones, weight and height, adverse 
events, and seizure condition is necessary during con-
tinuation of KD. Lastly, whether or not to continue KD, 
medication should be continued as medically necessary, 
and regular follow-up is required [9, 14, 19, 34].

Recommendations
After the acute phase of SE, whether to continue KD 
should be judged according to the individual’s condition. 
Discontinuation of KD, if necessary, should be imple-
mented gradually. If KD is to be continued, patients and 
families should receive relevant dietary education and 
adhere to the monitoring and follow-up examinations 
during treatment.

Conclusion
This recommendatory statement represents multicenter 
efforts in China to optimize the clinical use of KD for the 
treatment of SRSE. KD is a valuable adjunctive treatment 
in the management of SRSE and can be indicated for 
patients from infancy to adulthood and with diverse sei-
zure types and etiologies. Early use of KD may be advan-
tageous, especially in certain epilepsy syndromes and 
etiologies like FIRES. Implementation of KD for SRSE in 
the ICUs requires multidisciplinary cooperation, careful 
evaluation, and close monitoring. Classic KD with a 4:1 
ratio is recommended in the acute phase, and can be ini-
tiated directly, or by a step-by-step approach, or through 
a fasting period. Adjustment and discontinuation of KD 

should be considered based on individual’s condition. 
Overall, there is currently a lack of robust research data 
in this area, and our recommendations are based on lim-
ited clinical observation and expert experience. Further 
studies, especially prospective studies with controlled 
design, are needed.
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