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Abstract

Background: Diabetic ketoacidosis (DKA) during pregnancy is associated with increased
rates of maternal and perinatal mortality and morbidity. DKA management guidelines are
designed to ensure optimal management and minimize adverse outcomes.

Objective: To determine the level of adherence to DKA management guidelines at a tertiary
center in Pretoria, South Africa and report on maternal and perinatal outcomes of the
pregnancies complicated by DKA.

Methods: This was a retrospective clinical record audit using the Society for Endocrinology,
Metabolism and Diabetes of South Africa guidelines against documented management.
Adherence to three cornerstones of therapy was measured: intravenous fluids, insulin therapy,
and management of electrolytes.

Results: Fifty-six records of pregnancies that were complicated with DKA over a 10-year
period were reviewed. Mean age was 29.6 years (range 2043 years). Thirty-six (64.3%)
women had type 1 diabetes mellitus. DKA was categorized into mild (n = 26, 46.4%),
moderate (N = 22, 39.3%), and severe (n = 8, 14.3%). The study demonstrated lack of
adherence to the three cornerstones of therapy. Of the 49 (85.7%) women with recorded
perinatal outcomes, 30.6% had stillbirths. Severe maternal DKA (pH <7.0) demonstrated
adverse perinatal outcomes (P = 0.005).

Conclusion: Despite the availability of guidelines, DKA is sub-optimally managed in
pregnancy, which may contribute to adverse maternal and perinatal outcomes.
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1 INTRODUCTION

In the general population, 4650 per 10 000 patients per year will experience diabetic
ketoacidosis (DKA).! In the pregnant population, the incidence of DKA is estimated to be
even lower, at 0.3 to 5 per 10 000 patients per annum.> DKA occurring in pregnancy is a
medical emergency and is associated with increased rates of maternal and perinatal mortality
and morbidity. It is a complication that is commonly seen in patients with type 1 diabetes
mellitus, although it has also been reported in up to 25% of patients with type 2 diabetes
mellitus and rarely in patients with gestational diabetes mellitus. !>

Diabetes mellitus may present with DKA for the first time in pregnant women with
undiagnosed diabetes mellitus. Pregnancy is a potent risk factor for DKA because of the
normal physiologic changes and increased metabolic demands.?- It is therefore important to
understand the physiologic changes associated with pregnancy to assist in the diagnosis and
optimal management of DKA in pregnancy. DKA usually occurs in the second and third
trimesters of pregnancy as the result of a relative or absolute insulin deficiency. Non-
adherence to insulin therapy and infections are established precipitants of DKA. Obstetrically
related conditions known to precipitate DKA include hyperemesis gravidarum and
medications used in the prenatal period for tocolysis or to improve fetal lung maturity (e.g.
beta sympathomimetic agents and steroids).?

DKA evolves over hours to days and the symptoms may be nonspecific, which may lead to
the diagnosis being missed, especially in pregnancy.® Patients with DKA classically present
with a triad of abnormalities—dehydration, ketosis, and metabolic acidosis.” The diagnosis
can be more challenging in pregnancy because DKA does not always present with the
classical symptoms or laboratory findings, and often progress more rapidly than in non-
pregnant patients, therefore a high index of suspicion is required in pregnancy.* % # Non-
specific symptoms include nausea or vomiting, fatigue, abdominal pains, and polyuria, which
are also common in normal pregnancy.>® DKA in pregnancy may occur even with normal, or
mildly elevated serum glucose levels (euglycemic diabetic ketoacidosis).”!! Euglycemic
DKA should be considered in pregnancy in the presence of ketoacidosis plus a serum glucose
level less than 11.1 mmol/L."!

According to the American Diabetes Association'? and the Society for Endocrinology,
Metabolism and Diabetes of South Africa (SEMDSA) 2017 guideline'? the criteria for DKA
diagnosis is: serum pH less than 7.3, serum bicarbonate less than 18 mmol/L, and the
presence of serum or urine ketones. In 2003, the American Diabetes Association classified
the severity of DKA by serum pH into mild (pH 7.25-7.3), moderate (pH 7.0-7.24), and
severe (pH <7.0).!2 Prompt diagnosis and early initiation of therapy are mandatory because of
the risks of adverse maternal and fetal outcomes (Table 1).



TABLE 1. Summary of management of diabetic ketoacidosis in adults'®

Timing IV fluids Insulin Electrolytes
Admission 0.9% NaCl or Ringer’s lactate: IV bolus: Bicarbonate (controversial):

e 1-1.5 Lin the first hour * Regularinsulin 0.1-0.15 IU/kg followed by o IfpH <70

(infusion rate: 15-20 mL/kg) a continuous infusion at arate of 0.1 1U/kg 50 mmol/L NaHCO in 200 mL of 0.45%
After1h Reassess: Hydration per hour NaClover1h

status hourly - sNa”
concentration

If sNa™ is normal or low:

» (1.9% NaCl/Ringer's lactate
250-500 mL/h (4-14 mL/
kg depending on hydration
status)

If sNa™ is elevated:

Usually prepared as follows:

200 1Uin 200 mL 0.9% saline (1 1U/mL)

Reassess blood glucose:

Increase the insulin infusion rate by 1 mL/
hrif the blood glucose concentration does
not decrease by 3-4 mmol/h

sGluc <5.6 mmol/L—decrease by 1 mL/h;
give 25 mL of 50% dextrose [V

* [fpH <69-

100 mmol/L NaHCOj in 400 mL 0.45%
saline over 1 h

* This can be repeated 2-hourly

Potassium (not =20 mmol/h)

Always check the K* concentration
before commencing with insulin
administration.

sGluc =15.6 mmal/L—increase by ImL/h; .
give a bolus of regular insulinof 8 U IV

When the patient is able to eat: .
* meal-related boluses of regular insulin in
addition to the [V insulin infusion

If sK* =5_5 mmol/L—no K' supplement
but check K* 2-hourly

If sK*4.1-5.5 mmol/L—add 20 mmol in
each litre of IV fluid

If sK*3.1-4.0 mmol/L—add 30 mmol in
each litre of IV fluid

o [f sK' <3.0 mmol/L—add 40 mmol to the

* change to 0.45% NaCl

Replace half the fluid deficit in
the first 12 h

(serum osmolality should not
change =0.3 osmol/kg)

Change to 5% dextrose or 5%

Blood glucose

<14 mmol/L dextrose in 0.45% NaCl initial IV fluid (withhold insulin until i+
solution >30 mmol/L)
Phosphate:
+ Replacement only necessary if PO, is
<0.33 mmol/L

+ Replace with potassium phosphate
solution IV 14 mmol (10 mL}in 1L
rehydration fluid

Abbreviations: IV, intravenous; sGluc, serum glucose; sK*, serum potassium; sNa*, serum sodium.

The management of DKA in pregnancy is similar to that in non-pregnant patients with the
exception of fetal monitoring.” !> The management includes prompt and effective maternal
resuscitation, which entails aggressive administration of intravenous fluids, soluble insulin
therapy, correction of electrolytes, and identification and management of precipitating
factors. It is essential to prioritize maternal resuscitation and monitor maternal response
above that of the fetus. Although the principles of management of DKA in low- to middle-
income countries is the same, the mortality associated with DKA associated with preventable
factors is higher.'#16 Challenges in managing DKA in low- to middle-income countries
include the lack of resources for close monitoring of electrolytes and glycemic control
leading to insulin-related hypoglycemia and hypokalemia.'#!6

The aim of the study was to audit the management of DKA in pregnancy and report on
perinatal and maternal outcomes.

2 MATERIALS AND METHODS

This study was a clinical record audit of all pregnancies complicated by at least one episode
of DKA, managed from 1 January 2008 to 31 December 2019 at the Pretoria Academic
Complex, which comprises the Steve Biko Academic Hospital (SBAH) and the Kalafong
Provincial Tertiary Hospital (KPTH). These two tertiary hospitals serve the greater Tshwane
area in Gauteng Province, South Africa. The study was conducted in high-risk obstetrical
units that have dedicated diabetic prenatal clinics managed by feto-maternal medicine
specialists and diabetologists. A multidisciplinary team, which consists of obstetrical and
internal medicine registrars (supervised by feto-maternal medicine specialists and
physicians/diabetologists), midwives, dieticians, and onsite laboratories in both hospitals.



SBAH has approximately 3500 deliveries per year, of which approximately 150 (4.3%) are
women with diabetes in pregnancy. KPTH has approximately 5000 deliveries per year, of
which approximately 150 (3%) are women with diabetes in pregnancy.

All the women were hospitalized; admission and discharge registers in the obstetrics high
care and intensive care units (ICU) from the two hospitals were perused. Patients were
identified from the International Classification of Diseases 10" revision code for DKA in
pregnancy, perusal of maternity admission registers, the diabetes clinic database, and
maternal near-miss records for the period January 2008 until December 2019. The files of
identified patients were retrieved for the audit. Repeated admissions for DKA of the same
patient were treated as separate episodes as long as the inclusion criteria were met at each
presentation. All the retrieved clinical records were allocated study numbers.

All the women included in the study were confirmed to be pregnant (biochemically or
clinically) and met the inclusion criteria for DKA, i.e. serum pH <7.3, serum bicarbonate
<18 mmol/L, and the presence of serum or urine ketones. Patients were excluded from the
study if they were diagnosed with metabolic acidosis in pregnancy with other causes,
hyperosmolar non-ketotic state, or uncontrolled diabetes mellitus without DKA in pregnancy
or the puerperium. The reference standard for care against which the care of patients for this
audit was measured was adapted from the SEMDSA guidelines of 2017.13

Maternal demographic data and information regarding diabetes mellitus, i.e. type of diabetes
mellitus, details of medication used, and glycemic control, and pregnancy-related information
such as gestational age at time of diagnosis or presence of other pregnancy-associated
conditions were collected. The presenting symptoms, the patient's initial bedside biochemical
or laboratory investigations (pH, serum glucose, potassium, bicarbonate, urea and
electrolytes, urine ketones) before the initiation of DKA management were captured. The
trends of the bedside biochemical or laboratory values over time were recorded, and times to
resolution of hyperglycemia, metabolic acidosis, and ketonuria were calculated.

The clinical records and nursing charts were reviewed and adherence to the SEMDSA

2017 guideline'? were assessed. Key parameters included the quantity and type of
intravenous fluids administered in the first hour of management and over time thereafter,
insulin therapy (route of administration and amount) administered, the appropriate correction
of electrolytes and the management of DK A precipitants. Recorded evidence for clinical
monitoring was reviewed. Information on infection screening, investigations, results, and
management of the DKA precipitant were collected. The time (in hours) from the time of
admission to resolution of DKA was recorded. Perinatal outcomes of interest included live
births or stillbirths, preterm births, cesarean section rate, congenital malformations, birth
weights at delivery, requirement and reasons for neonatal intensive care unit admissions
(NICU) and early neonatal deaths. Information on perinatal outcomes were obtained from
maternity case records, department of obstetrics daily deliveries electronic database and birth
registers dated January 2008 to December 31, 2019.

Resolution of DKA was defined as venous/arterial blood pH >7.3/7.32, serum bicarbonate
>18 mmol/L, and ketonemia (<1 mmol/L) or urine ketones (1+ or 0). The absence of
documented interventions and treatment in patient clinical records was considered as not
done.



Data were analyzed with IBM SPSS statistics version 26 (IBM Corp., Armonk, NY, USA).
Categorical data were summarized using frequencies and percentages and continuous data
were summarized in terms of means, standard deviations (SD), and medians and interquartile
ranges (IQR) where appropriate. Student's t test was used to compare groups for normally
distributed data variables and the Mann—Whitney U test was used for skew or ordinal data
variables. The y? test was used to compare nominal variables. Analysis of variance was
applied for comparisons between continuous data variables with more than two categories.
Statistical significance was set at an alpha threshold of less than 0.05.

The study was approved by the University of Pretoria Human Research Ethics Committee
(Protocol no. 624/2019). It was an audit of DKA management so patient consent was waived.

3 RESULTS

Fifty-six pregnant women were admitted with DKA during the study period. This equates to
an incidence of about 1.5%2%. Forty-one (73.2%) women were managed at SBAH, of
which 37 (90.2%) received prenatal care at a specialized clinic. Fifteen (26.8%) women were
managed at KPTH, of which 11 (73.3%) received prenatal care at a specialized clinic.
Selected maternal demographics at presentation with DKA are presented in Table 2. The
mean age of women at the time of DKA episode was 29.6 years (range 2043 years) with 12
(21.1%) women aged 35 years or older. Twenty-three (41.1%) women were nulliparous.
Eight (14%) women did not receive prenatal care before presentation with DKA in
pregnancy. More than half (58.9%) of the women presented with DKA in the third trimester
of pregnancy. The mean glycated hemoglobin (HbA 1c¢) at presentation was 9.7% (SD 2.1;
IQR 8.2-10.7). DKA severity was mild in 26 (46.4%), moderate in 22 (39.3%), and severe in
8 (14.3%) women. All 56 women had a confirmed singleton intrauterine pregnancy. Eighteen
(32%) women had an identifiable infectious cause precipitating the DKA episode. Urinary
tract infection was the most common infection. Eight (14.3%) women were diagnosed with
diabetes mellitus for the first time at presentation with DKA. Non-compliance was cited as
the cause in 27 (48.2%) women. No precipitant cause for DKA was identified in 3 (5%)
women.



TABLE 2. Maternal variables in pregnant women with diabetic ketoacidosis (n = 56)*

Demographic variables
Maternal age, years 29.6[20-43]
Body mass index®
Underweight (<18.5) 0(0.00)
Normal weight (18.5-24.9) 7(12.5)
Overweight (25.0-29.9) 21(37.5)
Obese (30.1-39.9) 25 (44.6)
Morbidly obese (>40) 3(54)
Chronic hypertension 10(19.2)
Pre-eclampsia 4(8.2)
DM type
Type 1 DM 36 (64.3)
Type 2 DM 13(23.2)
Gestational DM 2(3.8)
Newly diagnosed DM at presentation 5(8.9
HbAlc 97(3.2-10.7)
>7%(n=52) 47 (92.2)
Treatment
No treatment 4(71)
Metformin only 12 (21.5)
Insulin onhy 35 (62.5)
Insulin + metformin 5(8.9)

Admission per trimester

First trimester (=14 weeks) 4(71)

Second trimester (15-27 weeks) 19(339)

Third trimester (=28 weeks) 33(58.9)
DKA severity

Mild (pH 7.25-7.3) 264 (46.4)

Moderate (pH 7.0-7.24) 22(39.3)

Severe (pH <7.0) 8(14.3)

Abbreviations: DKA, diabetic ketoacidosis; DM, diabetes mellitus; HbAlc, glycated hemoglobin.
2 Values are presented as mean [range], mean (interquartile range), or as number (percentage).

> Body mass index is calculated as weight in kilograms divided by the square of height in meters

Table 3 displays selected admission information and laboratory values at initial presentation.
Of the 56 women, 14 (25%) were admitted and managed in an ICU, 2 (3.5%) required acute
hemodialysis during ICU admission. All 56 women had their vital signs monitored as well as
blood glucose, urine dipsticks, and blood gases performed before initiation of DKA
management. The median pH was 7.25 (IQR 7.10-7.30), median bicarbonate was

10.8 mmol/L (IQR 7.8-14.2), median potassium of 3.7 mmol/L (3.4—4.7), and median initial
blood glucose was 18.1 mmo/L (IQR 14.8-23.1 mmol/L). Eight (14.2%) patients had blood
glucose <11.1 mmol/L, i.e. euglycemic DKA. Ketonuria was confirmed in all patients at
initial presentation, but no measurement of blood B-hydroxybutyrate tests were performed
because of unavailability.



TABLE 3. Initial biochemistry at diagnosis on diabetic ketoacidosis (n = 56)

Biochemical variable Median (IQR) Reference range®®
Glucose, mmaol/L 18.1(14.8-23.1) 3.6-111

pH 7.25(710-7.30) 7.35-745
Bicarbonate, mmol/L 10.8(7.8-14.2) 21-28

Potassium, mmal/L 3.7(34-47) 3.5-51

Anion gap 19.65 (15-23) -2 to 42

Abbreviation: IQR, interquartile range.

All the women had intravenous access and transurethral Foley's catheter inserted to monitor
urine output. Intravenous fluids and insulin therapy were administered to all women shortly
after diagnosis of DKA was confirmed. Crystalloid solutions (0.9% NaCl or Ringer's lactate)
were prescribed as the initial resuscitation fluids. Thirty-six (64.3%) women received 0.9%
NaCl solution and 20 (35.7%) received Ringer's lactate as initial resuscitation fluid. However,
adherence to intravenous fluid bolus administration was observed in 32 (57.1%) women, who
received 1-1.5 L of intravenous fluid bolus, which is equivalent to 15-20 mL/kg in the first
hour. The mean volume of intravenous fluid in the first 24 h was 4.4 L (SD 6.1), which is
inadequate according to the guideline.

Insulin therapy was administered as a continuous intravenous infusion or as intravenous bolus
in 22 (33%) women and 34 (61%) women received subcutaneous insulin boluses. Adherence
to insulin therapy according to the SEMDSA guideline was in 22 (39.3%) patients.
Adherence to correction of electrolytes was also reviewed, potassium correction according to
the SEMDSA guideline was inadequate in 31 (55.4%) women and in 19 (33.9%) women
adherence to magnesium and phosphate was inadequate for those patients whose serum
phosphate was less than 0.33 mmol/L.

Ongoing monitoring of the patient and clinical parameters is mandatory because of the risk of
relapse.! Time-based monitoring of blood gases, which are advised to be done 4- to 6-hourly,
was appropriately adhered to in 36 (66%) women and urine ketone testing, which should be
every 2—4 h, was appropriately adhered to in 34 (62%) women. Fifty-three women had a
known precipitant identified for the DKA episode, which was appropriately managed. In
three DK A episodes no precipitant could be identified. DKA resolution was measured in
hours from the time of admission to the time of resolution and was categorized as less than

24 h or more than 24 h. Three (5%) women had resolution of DKA in less than 24 h from
time of admission.

Table 4 highlights selected perinatal outcomes after DKA in pregnancy. Data on perinatal
outcomes were available for 49 women. The main reason for missing data was the seven
women (12.5%) who were lost to follow up after discharge from the hospital after DKA
resolution, but who did not deliver in any of the hospitals in the Pretoria Academic Complex.
All women (n = 49) had singleton pregnancies. The median gestational age at delivery was
36 weeks (IQR 30-37 weeks) and the median birth weight 2618 g (IQR 1280-3210 g) with 6
(12.2%) neonates weighing 4 kg or more. There were 8 (16.3%) major congenital
abnormalities, which included neurologic, cardiovascular, and gastrointestinal defects. Six
fetuses with congenital anomalies had an prenatal diagnosis, but two were diagnosed in the
postnatal period. Among the 49 pregnancies, live births, stillbirth, preterm birth, and NICU
admission occurred in 30 (61%), 15 (30.6%), 24 (49%), and 23 (47%) of pregnancies,
respectively. All patients with a stillbirth (n = 15, 26.8%) delivered via normal vaginal
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delivery. Nine (60%) patients with a stillbirth underwent an induction of labor and 6 (40%)
had a spontaneous vaginal delivery. Cesarean section was the route of delivery in almost half
the women (24, 49%). The most common reasons for NICU admissions were neonatal
respiratory distress syndrome and neonatal hypoglycemia. Severe maternal DKA (pH <7.0)
was associated with an increased risk of stillbirth (mild 4/25, moderate 7/17, and severe 5/8,
P =0.005). Among the eight patients with severe maternal DKA, all were admitted to the
adult ICU wards but were associated with poorer perinatal outcome, 5 (62.5%) stillbirths, 2
(25%) miscarriages, and 1 (12.5%) NICU admission. There were 2 (4.1%) early neonatal
deaths; both women had chorioamnionitis and preterm delivery complicated by neonatal
sepsis. One (2%) birth injury occurred as the result of shoulder dystocia. No maternal deaths
due to DKA were recorded in the study period.

TABLE 4. Perinatal outcomes after diabetic ketoacidosis in pregnancy (n = 49)*

Perinatal outcomes®

Gestational age at presentation, weeks 27 (23-32)
Mean gestational age at delivery, weeks 36 (30-37)
Live births 30(61.7)
Casarean section 22 (49
Stillbirths 15 (30.4)
Major congenital malformations B8(16.3)
Median birth weight at delivery, g 2618 (1280~
3210)
Meonatal intensive care unit admissions 23147
neonatal hypoglycemia 7130.4)
neonatal respiratory distress syndrome 71304)
hyperbilirubinemia requiring phototherapy 204.2)
Early neonatal deaths 214.2)

2 Values are presented as mean (interquartile range) or as number (percentage).

b Note that more than one perinatal outcome was present in some patients.

4 DISCUSSION

This study audited the adherence to the SEMDSA guidelines in patients presenting with DKA
in pregnancy. As expected, the majority of patients in the study population had type 1
diabetes and presented with DKA in the third trimester of pregnancy. This is most likely due
to the heightened hormonal response with increased insulin resistance that predisposes
pregnant woman with diabetes to the development of DKA. Contrary to the findings of a
recent South African audit of DKA in the general population by Thomas et al.,!” reporting
that DK A mostly presented with moderate severity, the study found that the majority of the
patients presented with mild DKA in pregnancy and 14.2% patients presented with
euglycemic DKA.

The reported incidence of DKA in pregnancy varies from 1.73% to 7.9%.* The findings of
this 10-year audit are in keeping with these findings. However, as most cases presented with
mild DKA we should be aware that some cases of euglycemic DKA may have been missed.”
' Furthermore, the elevated HbA lc at presentation with DKA despite the majority of patients
being managed at a specialized prenatal clinic highlights the importance of optimal pre-
pregnancy control to prevent adverse outcomes in pregnancy. Non-compliance with treatment
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was the most common precipitant for DKA. This is in keeping with other studies* in which
non-compliance was found to be a causative or contributory factor in 17%—-25% of women
presenting with DKA in pregnancy. Intensive counseling, use of reminders, and dedicated
diabetes educators should be considered in the management of women with diabetes mellitus
in pregnancy.

The study demonstrated a lack of adherence and compliance to SEMDSA, 2017 guidelines'?
by clinicians, despite the availability of guidelines in the obstetrical units. There was
inadequate adherence in administration of adequate amounts of intravenous fluid and the
amount of short-acting insulin, and in the frequency of monitoring of clinical parameters of
patients with DKA. The reasons for lack of adherence to the guideline were not documented
in the clinical records. Possible explanations include over cautiousness of clinicians (doctors
and nurses) to administer large volumes of fluids in pregnant patients because of the high
incidence of pre-eclampsia and pulmonary edema. Another potential explanation for the lack
of adherence to the guideline may be poor record keeping by nursing staff because the
majority of patients were managed in labor ward high-care units that are predominantly
dealing with other high-risk obstetrical conditions and emergencies, or doctors failing to
prescribe appropriate orders.

The lack of adherence to guidelines has been demonstrated in other studies despite the
availability of guidelines. A recent study conducted in Kenya'® demonstrated a delay in the
initiation of management, inadequate administration of intravenous fluids, insulin, and
potassium, and inadequate monitoring of clinical parameters. The lack of recognition and
adherence to guidelines contributed to delayed DKA resolution and high maternal mortality
secondary to DKA complications. Another survey by Van Zyl' in Kalafong hospital
examined the knowledge of hospital care providers regarding management of inpatient
diabetes. It was found that knowledge of doctors and nurses caring for diabetic patients was
suboptimal, mean score of doctors was 68.3% and of nurses was 53.9%. In the current study,
however, knowledge of both doctors and nurses was not assessed. The issue of shortage of
human resources could also account for the lack of adherence, where ideally a patient with
DKA should be managed at a higher level of care because of the need for intensive
monitoring and the complexity of the treatment regimens. A dedicated multidisciplinary team
is required.

In low- to middle-income countries there are patient and healthcare system factors that are
associated with a negative impact on management of diabetes, especially DKA.'42! Poor
compliance with insulin therapy, poor prenatal attendance, and poor recognition of sick days
are identifiable patient factors, but these should not influence the emergency inpatient
management of DKA.!?2! Healthcare systems are overburdened with the ever-increasing
numbers of women with high-risk pregnancies, including DKA in pregnancy. Poor
infrastructure, lack of ICU and high-care facilities, shortages of intravenous fluids and
glucose-monitoring equipment and consumables, lack of blood gas machines, and lack of
appropriately trained staff may all lead to substandard inpatient DK A management.'*-?!
Prevention of DKA in pregnancy should be emphasized to both the patient and clinicians in
order to reduce the high fetal mortality rate in low- to middle-income countries, which is
currently estimated to be 26%—29%.!

Pregnancy outcomes in diabetic patients in the UK estimated the stillbirth rate associated
with DKA in pregnancy to be 12.8 per 1000 births. There are few published studies from sub-
Saharan Africa, which are mostly limited by small numbers of enrolled patients. A South



African study performed in Cape Town by Rossouw et al.?® estimated a stillbirth rate for all
births over 500 g to be 1.39 per 1000 such births. A study in 2005 in Soweto by Huddle?!
audited outcomes of pregnancy in women with diabetes. The findings were 2.8% stillbirths
among women with gestational diabetes mellitus, and 3.9% and 1.8% stillbirths in women
with types I and II diabetes, respectively. Pregnant women with diabetes are at an increased
risk of fetal loss compared with non-diabetic women for multiple reasons, which include
DKA. DKA occurring in pregnancy places the fetus at risk, not only at the time of the DKA
episode, but also after the DKA has resolved.?? Fetal loss after a DKA episode is related to
the severity of the DKA and the degree of maternal decompensation during the episode.?> 23
Severe maternal dehydration and hyperglycemia results in decreased utero-placental
perfusion and subsequent fetal acidosis that may lead to myocardial dysfunction and hypoxia,
which play a major role in fetal demise. Hyperglycemia is one of the most cited mechanisms
of fetal loss, but there are other poorly understood mechanisms of fetal loss in women with
diabetes.

This study is limited by the fact that it is a retrospective clinical record audit with a small
sample size. Information collected was based on record keeping; if it was not documented, it
was considered not performed. The management of these women should be standardized
because appropriate guidelines are available. Adherence to the guidelines and frequent
training sessions for both doctors and nursing staff coupled with multidisciplinary
management of DKA in pregnancy is recommended to improve both maternal and perinatal
outcomes. Although patients were included in the study before the publication of the
SEMDSA 2017 guidelines, the guidelines followed at the audited facilities before the

2017 guidelines were not significantly different from the guideline used as reference for this
study.

The study also demonstrated that patients with severe maternal DKA (pH <7.0) had poorer
perinatal outcomes (P = 0.005), which included stillbirth, miscarriage, and NICU admission.
Ideally all diabetic women should receive preconception counseling and care at a specialized
prenatal obstetrical unit to ensure optimal glycemic control before and during the prenatal
period to minimize maternal and perinatal morbidity and mortality. Prompt recognition, early
institution of appropriate therapy and adherence to the available DKA guidelines are
important to optimize maternal and perinatal outcomes in pregnancies complicated by DKA.

In conclusion, regular educational programs in the form of drills for all clinicians taking care
of diabetic patients are recommended in order to diagnose DKA promptly, institute
appropriate therapy, and adhere to the available DKA guidelines. When the inpatient
management of DKA improves, maternal and perinatal outcomes in pregnancies complicated
by DKA could improve.
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