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Patient with bipolar I disorder who presented with low blood lithium levels after receiving crushed tablets via a nasogastric tube: A case report
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In clinical psychiatric cases, the placement of a nasogastric tube is occasionally considered. If a patient who presents with mania or other psychiatric conditions refuses to take drugs, they are administered via the nasogastric tube. The tablet is crushed, suspended, passed via the nasogastric line, and reaches the stomach directly. However, the effects of these processes on blood drug concentrations remain unclear. Herein, we report a patient with bipolar I disorder who presented with low blood lithium carbonate (Li) concentrations after receiving the drug via the nasogastric tube.

Case: A 26-year-old woman developed manic symptoms with grandeur delusion. She was admitted to a psychiatric hospital three times after diagnosis. Her manic symptoms with delusion improved with Li and aripiprazole (ARP). Her condition stabilized with Li 800 mg/day and ARP 9 mg/day. After the Li dose was reduced to 600 mg/day, she maintained remission, with the blood level range of Li being 0.31 ∼ 0.42 mEq/L. After 1 year, she was admitted to our hospital due to a jaw deformity. During the perioperative period, treatment with oral Li was discontinued by the surgeons, and her manic symptoms recurred. During therapy with olanzapine 20 mg and Li 800 mg, her blood Li concentration was 0.67 mEq/L. The symptoms remained. Hence, the Li dose increased to 1,000 mg/day. However, she refused to take the medication. Thus, a nasogastric tube was used to administer medicines. Thereafter, the blood Li concentration decreased to 0.43 mEq/L, which was lesser than 800 mg/day. Each blood sample was collected approximately 18 h after the administration. Her symptoms remained. Thereafter, she agreed to take the medication, and the Li concentration reached 0.78 mEq/L. Then, the symptoms partly improved.

Conclusion: After the administration of Li via the nasogastric tube, the Li concentration decreased, which was lower than expected. This phenomenon could be attributed to the fact that the medication was crushed, suspended, and administered via the nasogastric tube. Therefore, pulverizing and administering Li tablets via the nasogastric tube can be applied for the management of mania, however, caution should be observed because of the risk of fluctuations in blood Li levels, as in this case.
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Introduction

Lithium carbonate (Li) is a mood stabilizer commonly used in treating bipolar disorder and is considered the first-line treatment particularly in patients with acute mania (1). After oral Li is administered, it is almost completely absorbed in the intestine, and its blood concentration peaks in approximately 2 h. The half-life is about 15 h, and the drug is commonly eliminated via the kidneys. Pharmacologically, Li has antimanic, antidepressant, and neuroprotective effects by acting via different mechanisms during signal transduction after neurotransmitter receptor binding in the neurons (2, 3). Meanwhile, Li has a narrow effective therapeutic range in the blood. The periodic measurement of blood concentration and the evaluation of renal function are necessary in preventing poisoning. Maintaining a stable Li blood concentration is important in maintaining a clinically steady state. To preserve a stable Li blood concentration, treatment adherence is essential. Dehydration can lead to Li poisoning. Thus, it should be prevented to keep blood drug levels within the effective therapeutic range. In addition, attention should be paid to renal function and thyroid hormone levels during long-term use (4). According to the Japanese package insert of Li, no studies have used crushed Li tablets administered orally or via a nasogastric tube and examined its efficacy, safety, or pharmacokinetics. Hence, crushed administration is not recommended. To the best of our knowledge, there is no report regarding the use of crushed Li tablets. In this case, we administered crushed Li tablets via a nasogastric tube to control manic symptoms in a patient with bipolar I disorder who presented with severe manic symptoms. The patient’s blood Li concentration was lower than expected. We assumed that the blood Li concentration changed due to the dosage method used.



Case description

A 26-year-old woman presented with a normal developmental history. She had one younger sister. After graduating from high school, she went to college, and she studied in Australia and the U.S. during high school and college. After graduating from college, she worked irregularly at a part-time job.

At the age of 24 years, the patient had grandeur delusions and speech and behavior inconsistencies. Police found her behavior on the street, and she was then hospitalized. Initially, she was diagnosed with acute transient psychosis and, finally, bipolar I disorder with delusion by several psychiatrists based on the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Elevated or irritable mood, pressure to keep talking, flight of ideas, and increased goal-directed activity were also observed. Her symptoms improved after treatment with olanzapine (OLZ) 20 mg/day and Li 800 mg/day. Thereafter, due to symptom recurrence, OLZ was replaced with aripiprazole (ARP) 12 mg/day. Then, she recovered well and worked as a part-time Japanese language teacher. She had been taking the medication to keep her condition stable. After the ARP dosage decreased to 9 mg/day and the Li dosage decreased to 600 mg/day, she could maintain remission. During this remission period, the range of blood level of Li was 0.31–0.42 mEq/L.

After 1 year, she underwent jaw deformity surgery at our hospital. At that time, because physical condition might be unstable due to surgery, treatment with Li was discontinued to prevent adverse effects. However, after the surgery, her manic symptoms recurred. About a week after the surgery, she had an agitated behavior (wanted to wear a diaper and sat naked on the floor) and was, thus, referred to the psychiatry department. Depressive symptoms such as tearfulness and anxiety were also noted, and the condition was believed to be associated with mixed features of bipolar disorder. Therefore, she was admitted to the psychiatric ward 3 days after the consultation.

The patient was transported to the psychiatric ward via a wheelchair. She had poor gaze congruency, and she stared at a single point. She occasionally responded to questions by nodding but showed hyperactive attentional transference, as evidenced by saying the name of a color or character she saw without answering. She sometimes made delusional grandeur statements such as “I must become the prime minister.” The blood test showed no abnormality in liver and kidney functions. Any lesions were not observed on brain computed tomography scan revealed.

The ARP and Li dosages were gradually increased to 24 and 600 mg/day, respectively. On the 8th day, the patient received Li 600 mg, and her blood Li concentration was 0.27 mEq/L. However, the symptoms were still severe. She repeatedly exhibited strong psychomotor agitation and inconsistent behaviors. For example, she destroyed closets. Thus, she was placed in isolation, and the Li dose was increased to 800 mg. The patient’s Li concentrations were 0.69 mEq/L on day 21 and 0.67 mEq/L on day 51. ARP 24 mg was replaced with OLZ 20 mg. During this period, the patient’s clinical condition was unstable. She continued to exhibit violent behavior. For example, she walked around naked in the protection room, yelled, singed, cried suddenly, and kicked the door angrily. Furthermore, she refused to eat or take her medications on day 51. Thus, physical restraint was applied. Her tablets were crushed, suspended, and administered via the nasogastric tube. The Li dosage was increased to 1,000 mg/day. However, the Li concentration decreased to 0.43 mEq/L. Her manic symptoms slightly improved, and she agreed to take the medications by herself. Subsequently, the Li concentrations were 0.78 mEq/L on day 66 and 0.83 mEq/L on day 81. Progress and Li concentration was summarized in Figure 1.
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FIGURE 1
Diagram of Li dosage and progress: when Li was administered via elemental diet tube, Li blood concentration decreased compared to oral administration by the same dose. Li: lithium carbonate, ED tube: elemental diet tube.


The patient’s symptoms improved. However, some signs remained. Valproic acid 1,000 mg/day was added to her treatment regimen. On the 110th day of hospitalization, she was discharged. Finally, her symptoms improved.

The drug was administered once a daily at around 6:30 p.m. for renal protection, and the blood sample was drawn at around 12:30 a.m. on the next day. Our suspension method was as follows: Li and Vonoprazan Fumarate had been crushed by a crushing machine. Movicol® Combination Powder LD is powder. Other drugs were crushed in mortar by hand using mortar sticks. We added crushed Li, Vonoprazan Fumarate, and Movicol® Powder in the same vessel. Then we poured water (room temperature, soft water) about 20 ml and stirred them for a short time. Then we sucked them in a syringe, shook it once, then promptly put the suspension into the nasogastric tube. The tube was 8Fr. The length from the nose wing to the tip was 55 cm. Each dosage of Li and concomitant drugs around the period of using the elemental diet (ED) tube is shown in Figure 2. The blood tests performed before and after drug administration showed no evidence of dehydration. Yang mania Rating Scale (YMRS) score was 37/60 when she was admitted. It became worse 56/60 when physical restraint was needed. Then it improved to 1/60 when her symptoms were improved.
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FIGURE 2
Each dosage of Li and concomitant drugs around the period of using the ED tube. During this period, the types of concomitant medications were not changed. ED tube: elemental diet tube.




Discussion

Herein, we report a patient who received Li via a nasogastric tube. The patient’s blood Li concentration decreased and then increased after the drug was administered orally, which improved manic symptoms. To the best of our knowledge, there are no reports about the use of Li administered via a nasogastric tube.

Li is one of the oldest drugs used to treat psychiatric disorders. It has antimanic, antidepressant, and mood-stabilizing effects and is a mood stabilizer used in treating bipolar disorder (2, 3). Further, it is a simple monovalent cationic alkali metal. Regarding its pharmacokinetics, absorption begins in the stomach, and 95–98% of the drug is absorbed in the small intestine. Almost 100% is absorbed, and the blood Li concentration peaks at approximately 2 h. The drug is commonly eliminated via the kidneys without being metabolized. The drug’s half-life is 15–18 h. It takes at least 7 days to reach a steady state (5). The Li concentration in the brain is about half of the serum concentration, and it is well correlated with the serum concentration (5). The side effect of renal dysfunction is less severe if it is administered once daily compared with divided doses twice daily (6). Li has a narrow effective therapeutic range. Therefore, to prevent Li poisoning, regular blood Li level monitoring and blood tests are necessary. Elderly patients with impaired renal function who are taking diuretics and who become dehydrated are more likely to develop poisoning symptoms. Therefore, food and fluid intake must be adequate, and the same Li dose should be taken regularly. The long-term use of oral Li increases the incidence of hypothyroidism and the risk of renal disorders such as interstitial nephritis (4). Hypercalcemia caused by hyperparathyroidism may occur (4). Li is an alkali metal and is a basic solution. The tablets are film-coated. Hence, they are easy to administer. In addition, the package insert states that “crushed and orally administered or crushed and orally administered via gavage is not recommended due to lack of data on its efficacy, safety, and pharmacokinetics.” If tablets are crushed, the drug is dissolved and absorbed more quickly, thereby increasing blood concentrations and the risk of poisoning (7).

In the current case, the medication was not crushed initially. Further, treatment was discontinued by surgeons during the perioperative period due to a high risk of intoxication caused by an unstable general medical condition. The patient’s condition worsened after treatment with Li was discontinued and she refused to take her medications. No other method except via the nasogastric tube can be used to administer Li. However, the blood Li level was assessed during administration, and it decreased unexpectedly. The following factors may have contributed to the following.



Lesser amount of drug administered

The tablet was crushed and could have been lost during administration. According to Papiez et al., there was less amount of drugs lost when a pre-suspended solution was syringe-suspended than when a drug was directly placed into a syringe and administered (8). In the current case, drug loss could have occurred while making the pre-suspended solution. Further, Flanagan et al. showed that only the supernatant liquid might have been administered due to drug sedimentation during suspension (9). According to the Japanese package insert, Li carbonate does not dissolve easily in water. The components might have settled during suspension. Hence, the amount of drug administered could be lower.



Changes in drug property

According to the Japanese package insert, Li carbonate is a strong basic suspension. Film-coated tablets contained several additives such as D-mannitol, corn starch, hydroxypropyl cellulose, hypromellose, magnesium stearate, and hardened oil. If they are crushed and suspended, the effects of these ingredients can disappear, and the property may differ from that of tablets.



Drugs remaining in the tube

Crushed and suspended Li tablets could remain in the nasogastric tube, and this could decrease the amount of Li administered. Although the tube is flushed with water, a small amount of Li might remain in the tube.



Lower absorption due to ionized form

Lithium carbonate suspension is a strongly basic solution. In addition, since carbonic acid is a divalent acid, there are two acid dissociation constant (pKa), 6.2 and 9.7, both of which values are higher than the pH of the stomach of 2.0. Therefore, when lithium carbonate suspension enters the stomach directly, ionized lithium increases. Lithium absorption may be reduced because the ionized form does not readily pass through cell membranes.



Absorption speed

The peak blood Li concentrations could have shifted, and the blood concentrations might have been evaluated during the increase or decrease of blood concentrations. Moreover, the time of trough level could have shifted. According to Needham TE et al., seven commercially available Li carbonate products were administered in the crushed form to seven healthy adult male volunteers. Saliva and urine samples were collected hourly to measure concentrations and significant differences in peak concentrations in the saliva, which is attributed to rapid powder absorption (10). However, the interval time difference between the tablet and crushed tablet to trough level is still unknown.



Low absorption

Fay et al. assessed the blood levels of levetiracetam administered using three methods (tablets with water, crushed with juice, and nutritional supplements). The area under the blood concentration-time curve (AUC) and the maximum drug concentration (Cmax) levels decreased, and the maximum drug concentration time (Tmax) was prolonged in the crushed form (11). In this case, the tablet was crushed and administered after dinner. Thus, crushing could have reduced absorption as the drug was taken with meals, thereby resulting in decreased blood concentrations.



Strengths and limitations

This is a rare case in which the Li level of the patient was lower than expected due to administration route. This phenomenon could be attributed to the fact that the tablets were crushed. Therefore, several points should be considered if Li tablets are crushed and administered. Meanwhile, the blood Li concentration was measured only once when the drug was administered by grinding, which is not reproducible. To validate our result, the blood Li concentration should be evaluated several times.



Take-away lessons from the case

Lithium carbonate administered via a nasogastric tube may be an option for patients who are in manic state and cannot take oral lithium carbonate. Nevertheless, caution should be observed due to the risk of fluctuations in blood lithium carbonate levels, as in the current case.



Patient perspective

Caution has been taken to prevent the identification of the patient. Verbal and written informed consents were obtained from the individual involved in this case for the publication of any potentially identifiable images or data included in this article.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual involved in this case for the publication of any potentially identifiable images or data included in this article.



Author contributions

RF treated clinically the patient of the case and wrote the case report. KF advised RF for the treatment of the patient. YO contributed to wrote the manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

I would like to thank Dr. Tomohiro Ueda and Dr. Yukiyoshi Sumi for useful discussions. I am grateful to Dr. Kyoko Okamura for kind assistance.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Yatham LN, Kennedy SH, Parikh SV, Schaffer A, Bond DJ, Frey BN, et al. Canadian network for mood and anxiety treatments (CANMAT) and international society for bipolar disorders (ISBD) 2018 guidelines for the management of patients with bipolar disorder. Bipolar Disord. (2018) 20:97–170. doi: 10.1111/bdi.12609

2. Malhi GS, Outhred T. Therapeutic mechanisms of lithium in bipolar disorder: recent advances and current understanding. CNS Drugs. (2016) 30:931–49. doi: 10.1007/s40263-016-0380-1

3. Won E, Kim YK. An oldie but goodie: lithium in the treatment of bipolar disorder through neuroprotective and neurotrophic mechanisms. Int J Mol Sci. (2017) 18:2679. doi: 10.3390/ijms18122679

4. Shine B, McKnight BR, Leaver L, Geddes JR. Long-term effects of lithium on renal, thyroid, and parathyroid function: a retrospective analysis of laboratory data. Lancet. (2015) 386:461–8. doi: 10.1016/S0140-6736(14)61842-0

5. Finley PR. Drug interactions with lithium: an update. Clin Pharmacokinet. (2016) 55:925–41.

6. Schou M, Amdisen A, Thomsen K, Vestergaard P, Hetmar O, Mellerup ET, et al. Lithium treatment regimen and renal water handling: the significance of dosage pattern and tablet type examined through comparison of results from two clinics with different treatment regimens. Psychopharmacology. (1982) 77:387–90. doi: 10.1007/BF00432777

7. Britzi M, Berkovitch M, Soback S, Leibovitz A, Segal R, Smagarinsky M, et al. Roxithromycin pharmacokinetics in hospitalized geriatric patients: oral administration of whole versus crushed tablets. Thera Drug Monit. (2015) 37:512–5. doi: 10.1097/FTD.0000000000000203

8. Papiez A, Odehnalova K, Sramek V, Suk P. Comparison of active substance losses and total weight losses of tablets administered via feeding tube. Pharmacology. (2019) 103:246–9. doi: 10.1159/000496423

9. Flanagan RJ, Hunter S, Obee SJ, Reeves S. Plasma clozapine and norclozapine after use of either crushed tablets or suspension compared with tablets. J Clin Psychopharmacol. (2022) 42:400–4.

10. Needham TE, Javid P, Brown W. Bioavailability and dissolution parameters of seven lithium carbonate products. J Pharm Sci. (1979) 68:952–4. doi: 10.1002/jps.2600680809

11. Fay MA, Sheth RD, Gidal BE. Oral absorption kinetics of levetiracetam: the effect of mixing with food or enteral nutrition formulas. Clin Ther. (2005) 27:594–8. doi: 10.1016/j.clinthera.2005.05.010



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Patient with bipolar I disorder who presented with low blood lithium levels after receiving crushed tablets via a nasogastric tube: A case report



		Introduction



		Case description



		Discussion



		Lesser amount of drug administered



		Changes in drug property



		Drugs remaining in the tube



		Lower absorption due to ionized form



		Absorption speed



		Low absorption



		Strengths and limitations



		Take-away lessons from the case



		Patient perspective



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fpsyt-13-1071721-g001.jpg
Li dose (mg/day)

1000

800

600

400

200

¢0.69

©0.27

0 0.67

®0

G

©0.78

©0.83

crushed Li
43 I via ED tube‘

0.8

0.6

0.2

0 0
1 10 20 30 40 50 60 70 80 90 100 110

days

<« ED tube

Li blood concentration(mEg/L)





OPS/images/fpsyt-13-1071721-g002.jpg
day 48|  [51(52|53|54| 60| 64| 66|
|

Lithium carbonate (afterdinner) 800me 1000mg
|
Olanzapine (after dinner) T 20mg
Mecobalamin (aftereach meal1) 1500u¢
Magnesium oxide (after each meal) 990mg
Movicol® Combination Powder LD>%2 ] 27.4092¢
(after breakfast and dinner) 13.7046¢g '

Esomeprazole magnesium hydrate capsule

(after dinner) 2DIE

Vonoprazan fumarate (afterdinner) 20mg

ED tube
day 48]  |51]52[53|54 60 64| |66|

blood level of Li (mEqg/L) 0.67| 0.4:_5] 0.7§|

%1 Breakfast startat8:00 a.m., lunch start at noon, and dinner startat 6:00 p.m.
%2 Movicol® Combination Powder LD13.7046g contain macrogol400013.125g, sodium chloride 1.3508g, sodium bicarbonate 0.1786g, and
potassiumchloride 0.0502g






OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Patient with bipolar | disorder

who presented wi

th low blood

lithium levels after receiving

crushed tab
a nasogastric tu

ets via
be: A case

report












OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry







