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Abstract
BACKGROUND
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Preterm birth accounts for about 12% of all pregnancies worldwide and is the leading cause of neonatal morbidity and mortality. In order to avoid premature birth and prolong gestational age, tocolytics are the first and the best choice. Ritodrine is the most commonly used tocolytic medication. However, side effects such as pulmonary edema, hypokalemia, and hyperglycemia are known. Here we report a rare but serious side effect–toxic epidermal necrolysis (TEN)–caused by ritodrine.

CASE SUMMARY
A woman (31 years, gravida 4, para 2) was hospitalized because of premature contractions at 27 + 6 wk of gestation. A skin rash with pruritus appeared at 32 + 3 wk of gestation after administration of ritodrine, indomethacin, and dexamethasone, and it spread throughout the whole body in 3 d, particularly the four limbs. After 11 d’ treatment, she was diagnosed with TEN. An emergency cesarean section was performed immediately to deliver the baby and intensive symptomatic treatment was promptly commenced after delivery. She recovered from the severe condition without any sequelae except for slight pigmentation after symptomatic treatment.

CONCLUSION
[bookmark: OLE_LINK4]When a skin rash appears during the administration of ritodrine, we are supposed to consider the risk of TEN.
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[bookmark: OLE_LINK5]Core Tip: Toxic epidermal necrolysis (TEN) is a rare life-threatening cutaneous drug reaction, which may be a threat to the mother and the fetus during pregnancy. In our case, the patient’s condition began to improve when the ritodrine was stopped. So ritodrine hydrochloride could be a cause of TEN. If a rash occurs during the use of ritodrine, it is urgent for doctors to consider the side-effect of the drug and to stop its use immediately. The use of tocolytic agents should be individualized and depend on potential adverse events and maternal condition.

INTRODUCTION
[bookmark: OLE_LINK6]Every year, approximately 15 million babies are born prematurely worldwide (< 37 completed weeks of gestation)[1], and 99% of the related morbidity and mortality occurs at < 35 wk of gestation[2]. Tocolytics are essential for the suppression of uterine contractions, but they also bring a series of side effects such as palpitations, pulmonary edema, hypokalemia, and hyperglycemia. In this case, we discuss a rare but fatal side effect–toxic epidermal necrolysis (TEN)–induced by ritodrine in pregnancy. TEN is an often fatal severe mucocutaneous reaction, most commonly triggered by drugs, characterized by extensive necrosis and exfoliation of the epidermis. TEN is a rare disease with an annual incidence of approximately 1.9 cases per million inhabitants[3], while the mortality rate is approximately 30%–35%[4]. Hence, early identification leading to an early diagnosis and the withdrawal of all potential pathogenic drugs is essential for achieving good treatment results. In this case, we present a patient who had diabetes mellitus and threatened premature labor during the second trimester; she got TEN after administration of insulin, dexamethasone, ritodrine hydrochloride and indomethacin.

CASE PRESENTATION
Chief complaints
A 31-year-old Chinese woman was hospitalized because of premature contractions at 27 + 6 wk of gestation. 

History of present illness
The patient had conceived spontaneously, her blood pressure during pregnancy was normal but her serum glucose was found high at 24 wk of gestation. She had been controlling her blood sugar by injecting insulin subcutaneously, along with diet and exercise. She came to our hospital because of the frequent contraction at 27 + 6 wk of gestation. 

History of past illness
The patient (gravida 4, para 2) had no history of coronary heart disease, hypertension, hepatitis or tuberculosis, or food and drug allergies.

Personal and family history
The patient had no history of drug abuse, smoking, or drinking. There was no family history of genetic disease or cancer.

Physical examination
[bookmark: OLE_LINK7]Body temperature 36.7 °C, pulse rate 86 bpm, blood pressure 121/78 mmHg, respiratory rate 18 per minute, indoor oxygen saturation 99%. Fetal heart rate was 147 bpm.

Laboratory examinations
Laboratory examinations revealed a white blood cell count of 6.34 × 109/1 (70.1% neutrophils), and an elevated C-reactive protein level of 29.3 mg/L. Liver and kidney function, electrolytes, creatinine, and cholestatic liver enzymes were all within normal limits. Extensive serological tests such as Epstein-Barr virus, cytomegalovirus, rubella, and Coxsackie proved to be negative. Tests for hepatitis B, chlamydial antigens and human immunodeficiency virus were negative, as well as the bacterial culture of skin, blood, urine, and genital lesions.

Imaging examinations
Ultrasound: The heart, liver, and kidneys showed no obvious abnormalities.
Fetal ultrasound: Ultrasound examination at 30 wk of gestation showed a single live fetus of 29 wk and the amniotic fluid was normal.

Further diagnostic work-up
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK24][bookmark: OLE_LINK1][bookmark: OLE_LINK47][bookmark: OLE_LINK157][bookmark: OLE_LINK18][bookmark: OLE_LINK57][bookmark: OLE_LINK56][bookmark: OLE_LINK55][bookmark: OLE_LINK58][bookmark: OLE_LINK43][bookmark: OLE_LINK158][bookmark: OLE_LINK33][bookmark: OLE_LINK81][bookmark: OLE_LINK80][bookmark: OLE_LINK8][bookmark: OLE_LINK13][bookmark: OLE_LINK44][bookmark: OLE_LINK163][bookmark: OLE_LINK46][bookmark: OLE_LINK36][bookmark: OLE_LINK45]Continuous ritodrine (for 5 wk until her skin issues appeared) and indomethacin rectally (6 times) were used to suppress premature labor whereas dexamethasone (twice, 2 d every time) was given to reduce the severity of respiratory distress syndrome and offspring mortality. The patient began to complain of itching and abdominal rash at 32 + 3 wk of gestation, which spread fast to her back and all extremities (Figure 1A). After 3 d, a fine maculopapular rash resembling erythema multiforme cover the whole body but over the face, neck, and chest. Her skin condition was diagnosed as allergic dermatitis; therefore, calamine lotion and mometasone furoate cream were topically applied when she was 32 + 6 wk pregnant. She started taking prednisone (20 mg/d) and was advised to terminate the pregnancy if contractions could not be suppressed when she was 33 + 1 wk pregnant. At 33 + 3 wk of pregnancy, erythema and bullous rashes had spread throughout the body (Figure 1B) and was particularly prominent on the upper limbs, the dorsum of the hands, back, and breech. As the lesions became confluent, hydrocortisone (200 mg/d i.v.) was used. Since starting with the rash, indomethacin and dexamethasone had been no longer used. Due to increased uterine contraction and the patient's refusal to terminate the pregnancy, intravenous ritodrine to prevent preterm delivery was not stopped and the dose of ritodrine had been increased despite the skin rash. At 34 wk of pregnancy, she had been on treatment for 10 d but her condition was progressing; her skin rash on the upper extremities turned dark and gray with small blisters, and the skin of the patient’s elbows became broken, blisters enlarged, and the whole body rashes were accompanied by blisters (Figure 1C); several white spots were seen on the tip of the tongue, and there was obvious pain when eating. After a multidisciplinary team discussion, involving a dermatologist, intensivist, pharmacist, obstetrician, nutritionist, and pediatrician, we considered these phenomena likely to be a severe drug eruption. Intravenous methylprednisolone (60 mg) and immunoglobulin were administered immediately. After a comprehensive analysis of the history of medication, clinical symptoms, and auxiliary inspection, we suspected TEN induced by the ritodrine (Symptoms and treatment of the patient during different periods is listed in Table 1).

FINAL DIAGNOSIS
The final diagnosis of the presented case was TEN induced by tocolytics.

TREATMENT
In order to prevent deterioration and save the woman’s life, the medical panel decided to immediately stop using ritodrine and terminate the pregnancy. A male infant weighing 2400 g was delivered with Apgar scores of 2 and 7 at 1 and 5 min, respectively. The baby showed neither signs of skin abnormalities nor sequelae caused by the mother's TEN and the prolonged therapy.

OUTCOME AND FOLLOW-UP
After the operation, the patient was transferred to the intensive care unit and treated with intravenous fluids, intravenous methylprednisolone (40 mg twice daily) and a massive intravenous dose of immunoglobulin once daily. Furthermore, supportive care was essential, including wound care, fluid and nutritional supplements, pain control, and the prevention or treatment of infections. Bullae on the shoulder, breech, and upper limbs began to rupture, which led to epidermal detachment on postoperative day 3; at this time, the course of immunoglobulin treatment had ended. After active anti-allergic skin care and other symptomatic treatments, part of the patient's skin became loosened, the ulcerated area was covered with Vaseline gauze, the extremities and torso displayed dark red rashes, sloughing of skin was visible, and the new skin appeared healthy (Figure 1D). One week after surgery, methylprednisolone was decreased to 60 mg/d, and was further decreased to 40 mg/d at two week after surgery. Three weeks after surgery, all necrotic skin that had covered large areas of the patient's body had sloughed off; some of the involved parts were pigmented and the new skin appeared healthy (Figure 1E). The patient was administered 20 mg of prednisone twice a day and was discharged from the hospital. A month after surgery, her skin was completely dry and there was no crust or desquamation. Six months later, her skin appeared normal, only a little pigmented, but she had no visible skin disorder, and her child was healthy.

DISCUSSION
[bookmark: OLE_LINK9][bookmark: OLE_LINK11][bookmark: OLE_LINK10]As a rare and potentially lethal skin drug reaction, TEN is accompanied by skin and mucous membrane involvement, which is considered to be a pedigree of the same disease. TEN may be a threat to normal delivery during pregnancy. According to the limited data available, mortality rate of pregnancy-related TEN is lower than that of the general population. Fetal manifestation of TEN is rare during pregnancy[5], the worst effect on the unborn fetus is an increased risk of preterm delivery owing to fetal distress[6]. It is unclear whether this increased risk is due to underlying maternal illness, fever, or placental dysfunction. Medications are the main inducement of TEN, and the most commonly associated medications are antiepileptic drugs, allopurinol, nevirapine, antibacterial sulfonamides, and oxicam nonsteroidal anti-inflammatory drugs both in neonates and adults[7]. The risk of TEN seems to be limited to the first 8 wk of treatment and the typical onset time is between 4 d and 4 wk of continuous use[8]. In the current case, the insulin that the patient had been using for a long time was not considered to be the trigger. Corticosteroids may be a risk factor for developing TEN[9] and there are no randomized clinical trials of corticosteroids in the treatment of TEN. In our current case, systemic corticosteroids were used effectively until recovery and we suggested that this promoted the patient’s recovery. So only indomethacin that was administered for 5 consecutive days and ritodrine for 5 wk met the standard. Although drug reactivation is a useful diagnostic test, we cannot test it on individuals because of safety and ethical concerns; therefore, the relationship between eruption and drugs could only be inferred. Indomethacin has been reported to be a cause of TEN[10], but the risk is reported to be low[11]. In the current case, the latest indomethacin was used at 31 wk of gestation and the dermatological signs first appeared at 32 + 3 wk. One criterion to implicate a drug as the cause of the rash is the recovery after stopping using the drug. In our patients, the rash began to appear after discontinuation of the indomethacin for 10 d and the symptoms continued to worsen after 3 wk. We speculate that the rash was nearly impossible to be caused by indomethacin but the reasons were not sufficient. One case of TEN was found in English literature, which indicated that it may be caused by ritodrine hydrochloride[12]. In our case, ritodrine hydrochloride had been used until the day of surgery as she had experienced frequent contractions while her condition worsened with time. In contrast, after surgery, her condition began to improve when the ritodrine was removed. So ritodrine hydrochloride appeared to be the cause of TEN in this case. In addition, consideration should be given to the combined effect of the use of ritodrine and indomethacin as the combined use of two or more tocolytics may increase the occurrence of adverse reactions[13].
In the current case, we adopted a multi-disciplinary treatment strategy. The obstetricians terminated the pregnancy immediately and intensive dermatological treatment was commenced promptly after delivery, which helped the patient recover from the severe condition without any sequela except for mild pigmentation. Because of the high mortality rate and the terrible impact on the mother and fetus, the pregnant patients with TEN requires prompt diagnosis, identification, and blocking of the sensitizing medicines, followed by specialized supportive treatment in the intensive care unit, and consideration of immunomodulatory agents such as high-dose intravenous immunoglobulin[14].
[bookmark: OLE_LINK15][bookmark: OLE_LINK14]Our study has several limitations. First of all, we were unable to get a definite diagnosis of TEN as we did not perform skin biopsies. Furthermore, it was difficult to consider ritodrine to be a new culprit drug for TEN because it was administered over the same time as indomethacin. It may even be possible that the combination of the two drugs caused TEN. However, since TEN is a life-threatening disease, awareness of the possible association between ritodrine and TEN is warranted. Only a limited yeast solubilizers are available. It is well known that prostaglandin inhibitors are effective in inhibiting uterine contraction and prolonging pregnancy. 
What makes us feel shame is that only limited number of tocolytic agents are currently available. It is well known that prostaglandin inhibitors are effective at inhibiting uterine contractions and prolonging gestation[15]. However, they may cause the periventricular leukomalacia, severe intraventricular hemorrhage and necrotizing enterocolitis[16]. Ritodrine may be useful for short-term prolongation of pregnancy, but it has caused increased incidence of palpitation and chest pain. It is also known that it may induce either severe pulmonary edema or rhabdomyolysis[17]. In addition, exposure to ritodrine for a long time is known to desensitize the function of beta 2-adrenergic receptor. Atosiban is the only tocolytic that has demonstrated superiority as maintenance therapy in prolonging pregnancy[18] with few side-effects[19] but it is very expensive. As a result, there is a tendency to continue to use ritodrine to prevent preterm delivery even when the side effects are obvious. The use of tocolytics should be individualized and depends on potential adverse events and maternal condition. Moreover, the combined use of tocolytics should be avoided as far as possible.

CONCLUSION
Ritodrine hydrochloride must be considered when TEN is diagnosed. With this in mind, it is essential to re-evaluate the effectiveness and safety of ritodrine when a risk-benefit analysis of the continuous use of tocolytics is conducted. When a patient develop a rash during the use of ritodrine, the doctor must take into account TEN caused by the drug and stop using it immediately.
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Figure 1 Skin change record. A: Maculopapular rash in the leg; B: Erythematous and bullous rashes spread over the entire body at 33 + 3 wk of gestation; C: The skin of the patient’s abdomen became broken; D: The extremities and torso displayed dark red rashes, sloughing of skin was visible; E: The new skin has partial pigmentation and looks healthy.


[bookmark: OLE_LINK134]Table 1 Symptoms and treatments of the patient in different periods
	Date
	Gestational week
	Symptoms
	Treatments

	November 1, 2017
	32 + 3 wk
	Red skin rash on both lower limbs, accompanied by itching, no pain
	None

	November 4, 2017
	32 + 6 wk
	Red skin rash, lumps, and itching all over the body
	Calamine lotion until recovery and mometasone furoate cream for 3 d externally

	November 6, 2017
	33 + 1 wk
	Scattered red rash all over the body with itching
	Prednisone 60 mg a day for 2 d p.o.

	November 8, 2017
	33 + 3 wk
	Erythematous and bullous rashes spread to the entire body
	Hydrocortisone 200 mg a day until delivery i.v. 

	November 9, 2017
	33 + 4 wk
	Rash on the right upper arm turned dark gray
	Calcium gluconate 10 mL once i.v.

	November 11, 2017
	33 + 5 wk
	Red skin rash, lumps, and itching all over the body, skin tingling
	As above

	November 12, 2017
	34 wk
	[bookmark: OLE_LINK123]Skin rash on the upper extremities turned dark and gray with small blisters; the skin of the elbows was broken, the blisters became larger, and the body-wide rashes were accompanied by blisters; several white spots were seen on the tip of the tongue
	Methylprednisolone 60 mg i.v.g once + immunoglobulin for 5 d + mupirocin ointment until recovery externally

	November 13, 2017
	34 + 1 wk
	Symmetrical edema of the skin all over the body with dark red patches, unclear, tender, tongue mucosal ulcer
	Cesarean section, methylprednisolone 40 mg i.v. twice a day for 1 wk
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