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There is no doubt that COVID-19 has had a devastating worldwide affect. As the health care system has
scrambled for control, there has been a multitude of reports concerning diagnosis, epidemiology, treatment
and prognosis, with new publications appearing each week. Many of these are from personal or area-limited
experience. Not infrequent are changing or conflicting results and statistics. The world awaits well-defined
and controlled outcome-based research.

One aspect of COVID-19 that remains controversial is the timing of delivery of pregnant women with severe
acute respiratory syndrome (SARS-Covid-19) requiring intensive care. Although maternal-fetal medicine
obstetricians are an integral part of the multidisciplinary team, there are differing recommendations con-
cerning timing of delivery. The purpose of this report is to propose a guideline for the severely diseased
pregnant patient suggesting that pregnant women [?] 32 weeks with SARS-COVID-19 requiring intubation
be delivered.

We treated a pregnant woman at 32 weeks’ gestation highlighted the dilemma we faced. A 27-year-old,
gravida 2, para 1 at 32+5 weeks’ gestational age presented with dry cough, headache, abdominal pain, gen-
eral weakness of four days’ duration. She had a mild fever. Fetal tracing was reactive with no contractions.
Chest X-ray revealed an infiltrate in the upper left quadrant and COVID-19 PCR testing was positive. A
course of betamethasone for fetal lung maturation was administered and enoxaparin was started. The pa-
tient’s status deteriorated and medical treatment was initiated with hydroxychloroquine and azithromycin
(recommended at the time). On day 4, O2saturation worsened and she became progressively anxious and
restless, with vigorous coughing and tachypnea (up to 50 breaths per minute). A repeat chest X-ray re-
vealed bilateral patchy opacities compatible with Covid-19 ARDS/pneumonia. Fetal monitoring remained
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reassuring. Despite further efforts to improve oxygenation, intubation seemed inevitable. Balancing the
risks and benefits, the decision was made to deliver her by cesarean section with general anesthesia and
intubation in the operating room, which in retrospect, unnecessarily exposed the staff to additional time of
the patient’s uncontrollable coughing, irritability and cognitive disturbance due to hypoxia. A 2200 g male
baby was delivered with Apgars of 2 and 7 (cord arterial pH 7.18 BE=-5.9). In the NICU the baby required
4 days of nasal CPAP due to mild respiratory distress. Covid-19 was negative twice. The mother remained
intubated for an additional 5 days with gradual improvement in her status. She was extubated at that time
and discharged from the hospital on day 8 post-operation. The baby was discharge in good condition 15
days after birth.

We propose that pregnant women [?] 32 weeks’ gestation with SARS-COVID-19 requiring mechanical
ventilation (critical disease) be delivered (Figure 1) without delay. Illness from SARS-COVID-19 proceeds
along a continuum from mild to severe disease. Progression may be rapid. There is considerable maternal
and fetal morbidity and mortality with critical disease. Delay in delivery after 32 weeks exposes the mother
and fetus to continued risks, while delivery may improve the maternal condition. Prior to 32 weeks, delivery
should be individualized and discussed in a team setting, taking into account maternal or fetal status (1).

The risk of death with severe disease is substantial. The reported risk of maternal death during the three
corona virus pandemics (SARS, MERS, Covid-19) was 12.3% (2). In a USA nationwide study between 2006
- 2012, the overall risk of maternal death from ARDS in the USA was 9% (3). Age specific mortality from
SARS-COVID-19 is at this time difficult to determine from the literature. In the age group 20 – 49, 2.4% (6
of 255) of female patients with severe disease died in New York (4). In China, the case fatality ratio in the
age group 20 – 49 was 0.14% (both sexes) (5). In Iran, of 9 reported cases of pregnant women with severe
COVID-19 disease, 7 died (77.8%) (6)

All pregnant women with COVID-19 infections should be triaged to one of three classes: mild moderate or
severe (7). Mild signs and symptoms (mild disease) can be managed in the outpatient setting (Figure 1).
Some will have worsening signs symptoms (dyspnea, decreased oxygen saturation). Patients with moderate
disease should be hospitalized for continued evaluation and treatment. Pregnant women with severe disease
will have marked tachypnea, oxygen saturation [?] 93%, partial pressure of arterial O2 to inspired oxygen
fraction < 300), and infiltrates of at least 50% of lung fields (7). These women require intensive care.

At least three-quarters of patients with SARS-COVID-19 will require mechanical ventilation. Known risk
factors for severe disease include older age (>65 years), chronic lung disease, cardiovascular disease, diabetes
mellitus, obesity, immunocompromised, renal disease, and liver disease (7). It is unknown whether pregnancy,
while adding an extra burden to the sick mother, contributes to maternal deterioration. It should be
remembered that pregnant women during the SARS-CoV 2012 epidemic and the H1N1 2009 pandemic had
higher morbidity and mortality than non-pregnant women (8). Data for COVID-19 is incomplete.

The changes in maternal physiology would be expected to negatively affect the prognosis of women with
severe respiratory disease requiring mechanical ventilation. For example, pregnancy causes an increase in
cardiac output up to 40% . Blood pressure is lower due to a decrease in systemic vascular resistance, and
serum albumin and colloid osmotic pressure are decreased, placing the pregnant women at risk for third-
spacing of fluid, volume overload, and pulmonary edema. Respiratory changes in pregnancy include an
increase in minute ventilation with a compensated respiratory alkalosis.

For these and other reasons, mechanical ventilation of the pregnant patient requires special consideration.
Pregnant women who develop respiratory failure and require mechanical ventilation should be ventilated to
a target PaCO2 between 28 – 30 mm Hg to avoid alterations in uterine blood flow and fetal oxygen delivery.
Functional residual capacity is decreased 10 - 25% as term approaches, and places an extra burden on a women
requiring mechanical ventilation due to hypoxemic respiratory failure. It is desirable to maintain low tidal
volume ventilation, higher peak inspiratory pressure, and positive end expiratory pressure. Hyperventilation
should be avoided. To guarantee sufficient fetal oxygenation, maternal PaO2should not be below 70mm
Hg. Targeting lower ventilation pressures may not be feasible in pregnant patients where intra-abdominal
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pressure would be physiologically increased. Certainly pregnancy adds an unquantified burden to the medical
team responsible for caring for the severely ill patient at significant risk of death.

There exists a lack of evidence-based guidelines concerning mechanical ventilation of pregnant patients with
ARDS, as well as the effect of delivery on maternal and fetal wellbeing. Of 29 pregnant patients, 10 were
delivered while mechanically ventilated. Following delivery, 3 had a 50% decrease in oxygenation index and
5 had a greater than 50% increase in lung compliance (9). Extracorporeal membrane oxygenation has been
shown to be of some benefit in pregnant women with critical ARDS. One study showed a 77% maternal
and a 56% fetal survival rate (10). Although data are equivocal, delivery can be expected to improve fetal
wellbeing (9). However, other have argued that delivery should not be performed solely to improve maternal
oxygenation.

The prolonged hypoxemia associated with severe respiratory disease would be expected to have a detrimental
effect on the fetus. Maternal hypoxia reduces placental blood flow and fetal oxygenation due to vasocon-
striction. Maternal hypercapnia may produce fetal respiratory acidosis (9). Along with growth restriction,
chronic hypoxia has been associated with fetal brain injury (11). Long term effects of hypoxia include in-
creased risks of cardiovascular, metabolic and renal disease. Medications used for sedation may adversely
affect the fetus. The pooled percentage of perinatal death among pregnancies with SARS-Covid-19 was
7% (2). Of 9 pregnant women with SARS-COVID19 in the 2nd and 3rd trimesters who succumbed to the
disease, 4 (44%) had intrauterine fetal demise not related to prematurity (6).

The modality most relied upon to determine fetal status is the cardiotocograph (CTG). Other modalities,
such as biophysical profile and doppler studies that are useful with growth restriction, may be impractical
and have not been thoroughly evaluated in these situations. A normal appearing CTG tracing may give the
obstetrician a false sense of security in the severely sick, anesthetized and intubated woman, and waiting for
classical CTG changes of fetal distress may be unsafe.

Although vaginal delivery would seem preferable and may be considered in the stable patient, induction of
labor in the severely sick pregnant woman is most often unreasonable. Of the 9 pregnant women dying from
SARS-COVID19, 6 underwent cesarean, 1 had a vaginal birth, and 2 died undelivered (6). Of 20 pregnant
women critically ill with Covid-19 admitted at 30.6 weeks mean gestational age, 16 (94%) were delivered by
cesarean at 31.9 weeks mean gestation (5 days after hospitalization) (12). A controlled delivery by cesarean
is the treatment of choice in these women. Regional anesthesia may be attempted, however, these women
are very sick and on the verge of requiring mechanical ventilation; general anesthesia with intubation seems
the more logical approach. Special efforts are needed to minimize staff exposure.

We believe that the decision to delay delivery after 32 weeks in the SARS-COVID-19 patients on the verge
of becoming critically ill has the potential to cause more harm than benefit. Before 32 weeks, the decision to
delivery may be delayed to benefit the fetus, only if the delay is not expected to worsen the mother’s prognosis.
Indications for delivery in these situations may include non-reassuring fetal monitoring, intrauterine fetal
demise, failing cardiopulmonary status, disseminated intravascular coagulation, and multi-organ failure.

We propose that 32 weeks is a sufficient gestation age to deliver women with SARS-COVID-19 requiring
mechanical ventilation since > 98% intact survival can be expected for these babies. After delivery, concerted
efforts for recovery of the mother can be made without fetal concerns.
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Legend to Figure 1

Delivery of severe Covid-19 in pregnancy
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