MEDICAL COMPLICATION IN THE PATIENT WITH DIABETES DURTING PREGNANCY   11/16 20001 陳素榆

Case1段女士，27歲，之前身材適中並未有糖尿病家族史，也未曾抽血檢查血糖。在懷孕時接受口服耐糖測試篩檢發現有血糖過高的現象，於懷孕32週時來門診就診，隨即安排入院接受胰島素注射(當時糖化血色素為8.3﹪並有高血脂情形)，劑量近乎1u/kg/day，在懷孕36週時出現妊娠高血壓合併水腫的情形，故在37週時，接受剖腹生產生下一3600公克健康女嬰。

Case2楊女士，28歲，已育有一子，兩年前診斷出有第二型糖尿病。但病人並未規則服用口服降血糖藥物，病人在懷孕八週時，來門診求診，隨即安排入院接受胰島素注射(當時糖化血色素為10﹪)，但病人住院時即有陰道出血狀況，會診婦產科，發現有流產情形。

Case3張女士，27歲，15歲後即因第一型糖尿病長期接受胰島素注射，但控制並不良好，視網膜病變，已接受3次雷射手術，肌酐酸指數已達1.7mg/dL，來門診時剛新婚數月，門診醫師已和病人討論：懷孕有可能使糖尿病病變惡化的可能性，但病人仍在數月後不小心受孕，病人考慮之後決定接受人工流產終止懷孕。

Pregestational diabetes mellitus complicates approximately 0.2% to 0.5%
of pregnancies，or approximately 10000 to 16000 pregnancies per year.(Am J Obstet Gynecol 151:598,1985)

· In the US-A nationwide population－based survey revealed that 
*nearly 4% of pregnant women had diabetes (approximately 135000)
*88% had gestationa1diabetes mellitus

*12% were known to have diabetes

-35% had type 1and 65％ type 2diabetes．
=>As pregnancy is deferred until the later childbearing years and as population demographics change, more pregnancies can be expected to occur in women with type 2 diabetes.
· Early in pregnancy, there is an emergency to normalize the blood glucose to prevent congenital anomalies and spontaneous abortions.

· As the pregnancy progresses, the gravida is at increased risk for syncope，hypoglycemia，and diabetic ketoacidosis, all needing emergency attention.

· Later in the pregnancy the woman is at risk for accelerated retinopathy and blindness，pregnancy－induced hypertension and preeclampsia／eclampsia，unnary tract infections including pyonephntis , and polyhydramnios.

· The greatest concern is the increased risk of sudden death in utero for the fetus.

=>All of these dreaded complication can be obviated or at least minimized with  careful planning of the pregnancy and attention to glucose control.

FIRST－TRIMESTER 

· An increased prevalence of congenital anomalies and spontaneous

 abortions occurs in diabetic women who are in poor glycemic control

 during the period of fetal organogenesis, which is near1y complete at 7

weeks postconception.

· Because a woman may not even how she is pregnant at this time, pre－pregnancy counseling and planning are essential for women of chi1dbearing age who have diabetes.

· Women with type 2diabetes are less likely to have preconception

 care and counseling, often because the diagnosis of diabetes has not yet

 been made, and are at even greater risk of bearing a birth－defective

 child. In one study, 40％of women with type 1diabetes but only14％of

 women with type 2diabetes received preconception care.

· Another problem for some women with type 2diabetes is gaining access to adequate medical care before and after conception. They have a 19 fold higher incidence of type 2diabetes when compared with the general US population, with an age-adjusted prevalence rate approximately eight times higher.

· Hemoglobm Alc（HbAlc）values provide the best assessment of the degree of chronic glycemic control, reflecting the average blood glucose concentration during the preceding 6to 8weeks. Measurement of HbA1cin early pregnancy can estimate the level of glycemic control during the period of fetal organogenesis. 

· There are two important observations in this regard. First, HbAlc values early in pregnancy are correlated with the rates of spontaneous abortion and major congenital malformations. Although most studies have been performed in women with type1diabetes, the same risk of hyperglycemia applies to women with type2diabetes. Second, normalizing blood glucose concentrations before and early in pregnancy can reduce the risk for spontaneous abortion and congenital malformations nearIy to that of the general population.

· In one study, 110 women who were already 6 to 30weeks’ pregnant at the time of referral were compared with 84 women recruited before conception and started on a daily glucose-monitoring regimen. The mean blood glucose concentration was between 60 and 140 mg/dl in 50% of the nonpregnant women. The incidence of anomalies was 1.2% in the women recruited before conception versus 10.9% in the women first seen during pregnancy.

· Similar finding were noted in another study –a 1.4% versus 10.4% incidence of congenital abnormalities. Major congenital malformations that require surgica1 correction or that significantly affect the health of the child are more common in the infants of diabetic mothers (13% versus 2% in the infants of nondiabetic mothers).

· The increased rate of spontaneous abortion in poorly controlled diabetic women is thought to be secondary to hyperglycemia, maternal vascular disease including uteroplacental insufficiency, and possibly immunologic factors.

· Animal studies suggest that hyperglycemia regulates the expression of an apoptosis（programmed cell death） regulatory gene as early as the preimplantation blastocyst stage, resulting in increased DNA fragmentatio.

=>These findings emphasize the importance of glycemic control at the earliest stages of conception.

=>Ideally, if a diabetic woman plans her pregnancy, there is time to create algorithms of care that can be individualized, and the women can be given choices. When a diabetic woman presents in her first few weeks of pregnancy, there is no time for individualization, rather, rigid  protocols must be urgently instituted to provide optimal control within 24 to 48hours.

DELETERIOUS EFFECTS OF STRICT GLYCEMlC

CONTROL

· Despite the clear benefits to the fetus of strict glycen1ic control, there is a hazard of hypoglycemia. Major complications of hypoglycemia can usually be prevented with careful monitoring and education of the gravida. Very strict glycemic control (mean blood glucose, 86 mg/dL) may be deleterious to the fetus and should be avoided.

· In one study, the overall incidence of small-for-gestational age infants was higher among women with very strict compared with strict (mean blood glucose 87 to 104mg/dL control－20％versus 11％, respectively

EYE COMPLICATIONS

· There are three situations in which rapid normalization of blood

 glucose levels increases the risk for deterioration of diabetic retinopathy：

puberty, pregnancy, and insulin－1ike growth factor treatment(IGF-1)

=>If two of these events occur in the same patient，the risk for retinopathy progression

is potentiated. All three situations are associated with increased serum concentrations of growth－promoting factor.

· It is hypothesized that when the blood glucose level is rapidlv decreased, there is increased retinal extravasation of serum proteins. If there is a concomitant increased concentration of serum growth－promoting factors, a predisposed retina may deteriorate.

· Pregnancy is the most frequently reported situation in which rapid normalization of blood glucose is associated with deterioration of the retina.

· If treatment with lispro, increases the rate whereby the hyperglycemic state is normalized, it may have a role in the rapid deterioration of retinopathy. In the few case reports of rapidly deteriorating retinopathy in patients taking lispro is unlikely that this effect was caused by activity of this insulin because pregnancy alone is associated with elevated IGF－1 levels.

· Human insulin binds to the IGF-1 receptor with m affinity 0.1 % to0.2 % that of IGF-1. A comparison of lispro and human insulin was carried out to determine the relative IGF-1 receptor binding affinity in human placenta membranes, skeletal muscle, smooth muscle cells, and mammary epithelial cells. Lispro had slightly higher affinity for the human placenta membranes when compared with human insulin. No other differences were observed in any other cell lines. Despite the suggested increased affinity, the absolute affinity for the IGF-1 receptor is extremely low for lispro and human insulin. Concentrations more than 1000 times above normal physiologic range are needed to reach 50% receptor binding. 

· IGF-1 is a much larger protein chain than insulin, and there is a 49％ homology between human insulin and IGF-1. The reversal of the B28 and B29 amino acids in lispro insulin increases this homology to 51％because of the analogous position in the IGF molecule.

· Because insulin lispro has the same affinity for the IGF-1 receptor as human insulin, and because the dissociation kinetics of lispro and human insulin on the insulin receptor are identical, insulin lispro should have no excess mitogenic effect by way of the IGF-1 or insulin receptor

· Phelps and co-workers clearly showed that deterioration of retinopathy correlated significantly with the levels of plasma glucose at entry and with the magnitude of improvement in glycemia during the first 6 to 14 weeks after entry.

· Laatikainen and co-workers confirmed that the decrease in HbAlc levels was most rapid in the 2patients with the worst progression. They concluded that a rapid near-normalization of glycemic control during pregnancy can accelerate the progression of retinopathy in poorly controlled diabetic patients.

=>Five risk factors that emerge for the prediction of pregnant diabetic

 women who will progress to proliferative retinopathy are （1）baseline

 evidence of some retinopathy（2）an elevated HbAlc at conception（3）

rapid normalization of blood glucose（4）a duration of diabetes greater

than 6years and (5)proteinuria.

· Lispro insulin may have a role in the progression of retinopathy by

facilitating the rapid normalization of blood glucose levels. In pregnant and nonpregnant diabetic patients, lispro insulin improves glucose control and significantly lowers the HbAIC compared with the effects in patients who are administered human regular insulin. The literature clearly shows the danger of normalizing blood glucose quickly, regardless d the type of insulin used, in pregnant women with a long duration of diabetes and elevated HbAlc in the first trimester, proteinuria and before retinopathy.

· Busy clinicians may have a decreased ability to examine the retina Completely. Mild background retinopathy may be missed, even in the best of settings. The presence of my retinopathy increases the risk of further retinal deterioration，especially if the blood glucose level is elevated. Case reports reinforce the need to intensity preconceptional care programs to allow clinicians the luxury of slowly normalizing the blood glucose and to permit the patient to plan the pregnancy only after blood glucose levels have been stabilized into normal ranges for at least 6 months.

· Because of the possibility of explosive retinopathy when patients present already pregnant with high levels of glycosylated hemoglobin, regardless of the retinal status, the woman needs to have an ophthalmology consultation on the first day of admission. As the glucose normalization protocol is initiated a retinal specialist should be available to provide laser therapy if the retina deteriorates.

THYROID DISEASE

Increased prevalence of subclinical hypothyroidism has been reported in pregnant diabetic women. Several studies have found a wide range (10％ to 25％)in the prevalence of postpartum thyroid dysfunction in type 1 diabetic women. 

DIABETIC KETOACIDOSlS

· Urinary ketone tests should be performed periodically, especially when the patient is ill or when any blood glucose value is over 200mg/dL. At these times, ketoacidosis may occur, a complication that is associated with a high mortality rate in tike fetus. In addition, ketonemia during pregnancy has been associated with decreased intelligence in offspring.

· In early pregnancy, ketonuria sometimes occurs in women who are limiting their caloric intake because of nutritional recommendations. Caloric restriction as a cause of ketonuria is not associated with adverse outcome h the fetus. In fact, there is no association of ketonuria and outcome.

· The serum beta-hydroxybutyrate level correlates with decreased intelligence in offspring. When home blood testing for beta-hydroxybutyrate becomes easily available, the results can be used to guide therapy. In the meantime, many clinicians do not recommend routine urinary ketone checking if blood glucose levels are maintained in the normal range. Women with moderate-to-large ketonria should alert their physician immediately. If a type 1 diabetic woman is using an insulin infusion pump, even short periods of interruption in the infusion may result in ketoacidosis owing to the increased metabolic rate h pregnancy.

PREGNANCY－INDUCED HYPERTENSION

· Normal first trimester blood pressure is less than 120/80 mmHg. Fetal complications from maternal hypertension include intrauterine growth retardation and fetal demise. 

· Antihypertensive medications that have been proved to be safe include methyldopa and hydralazine. These medications have been prescribed for over 50 years and have been time-tested not to cause malformations in two generations of children. The next level of antihypertensive medications that can be used are the beta-blockers. Specifically, the use of labetalol has been recommended. Nifedipine has also been reported to be safe when added after the first trimester.

· Angiotensin－converting enzyme inhibitors in pregnancy have been associated with congenital anomalies, specifically renal agenesis or renal failure; thus, they are absolutely contraindicated in pregnancy.

DIABETIC NEPHROPATHY

· Diabetic nephropathy when not associated with hypertension does not impact on fetal outcome unless the kidney function is more than 50% impaired. Normal creatinine clearance is increased in pregnancy owing to the increased metabolic rate and the increased cardiac output by the 1Oth to 12th week of gestation. A depression of the creatinine clearance below 50 mL/min is associated with increased fetal loss.

· Proteinuria greater than 250mg/24hours in the first trimester has been associated with nephrotic syndrome by the third trimester requiring bed rest and in some cases, replacement of protein losses with parenteral supplementation of albumin. 

MONITORING AND TREATMENT

· Frequent measurements of blood glucose are the mainstay of therapy for women with type 1diabetes during pregnancy.In most women,multiple tests should be performed. If the firrst morning blood glucose value is high, testing should also be performed at bedtime and in the middle of the night. Bedtime and middle of the night tests are important to discover, treat, and prevent nocturnal hypoglycemia, which may be frightening and harmfull to the woman. Pregnancy is associated with an exaggerated rebound from hypog1ycemia owing to the hypercortisolemia potentiated by pregnancy.

Importance of postprandial Glucose Control

· One study compared the results of monitoring fasting blood glucose plus either preprandial or postprandial glucose in women with gestational diabetes-> Postprandial monitoring was associated with the fo1lowing benefits when compared with preprandial monitoring: better glycemic control (mean HbAlc value 65％versus 81％), a lower incidence of large-for-gestational age infants (12％versus 42％), and a lower rate of Cesarean section for cephalopelvic disproportion（12％versus 36％）.

Glycosylated Hemoglobin

· Hb Alc should be measured every 4 to 6weeks and more frequently it the woman’s glycermic control is poor. 

Insulin Doses

· The starting insulin dose is calculated to be 0.7 U/kg/d divided into three to four injection of short- and intermediate-acting insulin. The capillaryblood ducose should be measured before and 1hour after each meal, at bedtime, and 3 AM.

· Each day the insulin should be adjusted based on the blood glucose measurements so that the optimal dose of insulin is delivered on daily basis.

· Most women with type 1diabetes require at least d1ree injections per day. A two-injection regimen can cause nocturnal hypoglycemia if the evening meal dose of intermediate－acting insulin peaks during the middle of the night.

· Total insulin requirements typically rise during gestation，primarily owing to the effects of human placental lactogen. The average insulin requirement in pregnant women with type 1diabetes rises from 0.7 U/kg in the first trimester to 0.8 U/kg for weeks 18to 2 6to 0.9 U／kg for weeks 26 to 36to 1.0 U/kg for weeks 36 to term. Massively obese women may need initial doses of 1.5 to 2.0 U/kg to overcome the combined insulin resistance of pregnancy and obesity.

· Long-acting insulin (Ultralente)is avoided because it may be too slow to respond to the everchanging insulin needs of pregnancy.

· There are no studies to date on the safety of insulin analogues, such as lispro, glargine, and aspart, pregnancies complicated by type 1 diabetes. Only one report describes the use of the insulin analogue lispro in gestational diabetic women．This study found that lispro improved glycemic control without causing an increased hypoglycemic episode and was not immunogenic. Until a definitive study is performed, it is prudent to use these insulins with informed consent of the woman.

· Some clinicians have recommended insulin pumps to achieve optimal glycemic control during pregnancy. Most pregnant women require at least three infusion rates in a 24-hour period-a low-dose basal rate from 12 midnight to 4AM, an increased rate in the early morning hours from 4AM to 10AM to counteract the increased release of the antiinsulin hormones cortisol and growth hormone, and an intermediate basal rate during the rest of the day from 1OAM to12midnight.

· Women with type 2 diabetes also should be treated with insulin for blood glucose control, preferably started during the preconception period.During the first trimester insulin requirements are similar in women with type 1and type 2 diabetes﹔however, the pregnancy proceeds into the third trimester, insulin requirements increase proportionately more in women with type 2diabetes In one study, the respective insulin doses were 1.6 and 1.2 U/kg/d. Measures that ameliorate insulin resistance, such as avoiding excessive weight gain and moderate low-impact exercise, can be expected to improve glycemic control.

· Oral hypoglycemic drugs should not be given to pregnant women.These drugs do not provide strict glycernic control and when administered near delivery, may cause severe prolonged neonatal hypoglycemia. When metformin is used to induce ovulation in patients with the polycystic ovary syndrome and insulin resistance, it should be stopped as soon as pregnancy is diagnosed. The available data (based on a small number of observed pregnancies) do not show harmful effects from metformin treatment h either early or late pregnancy.

Role of Exercise

· Gestational diabetes differs from type 1diabetes in pregnancy because the former is primarily a disorder of impaired glucose clearance.Therapies that overcome peripheral resistance to insulin, such as exercise, are preferable to insulin. In contrast, women with type 1diabetes who are already taking insulin, the benefits of exercise are not so clear.

· Exercise cm contribute to the brittleness of diabetes, with the risk of exercise induced hypoglycemia. Women who have exercised before pregnancy can usually continue that activity under the supervision of an obstetrician. Exercise is not recommended in women who are deconditioned and who have not exercised before pregnancy.

Diet

· The appropriate calorie intake depends on the pregravid weight.The following general recommendations can be made：

-Approximately 30 Kca1/kg/d if the woman is at ideal body weight

-24 kcal/kg/d if the woman is 20％ to 50％above ideal body weight

-12 to 18 kcal/kd/d if the woman is more than 50% above ideal body weight

-36 to 40 kcal/kg/d if the woman is more than 10％below ideal body weight

· The recommended distribution of calories is 40％to 50％carbohydrate, 20％protein, and 30％to 40％ fat. Many physicians find that maintenance of glycemic control requires a diet in which carbohydrate accounts for no more than 40％of calories. Postprandial blood glucosevalues are largely dependent on the carbohvdrate content of the meal and the postprandiaI blood glucose concentration has the most important role in macrosomia.

· Most nutritional programs recommend three meals and three snacks per day. An acceptable calorie distribution would be 10％of calories at breakfast, 30％at lunch and dinner and 30％as snacks. A daily supplement of ferrous sulfate and folate is also recommended．

RISKS ASSOCIATED WITH UNDIAGNOSED MACROSO M IA

· Macrosomia is more apparent in fetal structures such as the liver and abdomen. As a result, ultrasound estimates that use the fetal abdominal circumference to calculate fetal weight may not be as accurate as normal fetuses in whom growth is proportional.

· Macrosomia is usually defined as fetal weight greater than 40 to 45 kg or birth weight above the 90th percentile for gestational age. Macrosomia fetuses are at increased risk for a prolonged second stage of labor, shoulder dystocia, operative delivery, and perinatal death.

· Macrosomia occurs in approximately 88％of fetuses in whom the abdominal circumference and estimated fetal weight both exceed the90th percentile.

· Intrauterine growth retardation (usually defined as birth weight below the 10th percentile for gestational age)is uncommon in diabetic pregnancies．It is associated with uteroplacental insufaciency and primarily occurs in pregnancies complicated by diabetic vasculopathy or preeclampsia.

LABOR AND DELIVERY

· Maternal hyperglycemia is the major cause of neonatal hypoglycemia. Peripartum maintenance of maternal euglycemia is essential. Generally, insulin is still required before active labor and cm be given subcutaneously or by intravenous infusion with the goal of maintaining blood glucose concentrations between 70 and 90 mg/dl.

· As the woman with diabetes enters active labor, insulin resistance rapidly decreases, and insulin requirements drop to zero. Continuing insulin therapy is likely to lead to hypoglycemia. Capillary blood glucose should be measured hourly. The glucose infusion should be doubled for the next hour if the blood glucose value is less than 60mg/dL. Values of 120mg/dL or more require the administration of regular insulin subcutaneously or intravenously until the blood glucose value falls to 70 to 90 mg/dl.

POSTPARTUM

· Insulin requirements drop sharply after delivery, and the new mother may not require insulin for 24 to 72hours. Insulin requirements should be recalculated at this time at approximately 0.6 U/kg/d based on postpartum weight. Postpartum calorie requirements are approximately 25 kcal/kg/d and somewhat higher (27kcal/kg/d)in lactating women.

· Glycemic control is somewhat more erratic in lactating diabetic women with more frequent episodes of hypoglycemia. 

SUMMARY

· The diabetic woman must not only pay attention to nutrition but also to blood glucose by taking frequent does of insulin.

· She must beunder constant surveillance for a host of other complications of pregnancy such as hypertension, retinopat, infection, acidosis, thyroid dysfunction, nephropathy and sudden death in utero.

·  Rigorous vigilance to sustain normoglycemia and normotension, examination of the retina, culture of urine, assays for ketosis, measurements of thyroid function, and monitoring of renal function and fetal status are paramount m the management of pregnancy complicated by diabetes.
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