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1  |  INTRODUC TION

Inadequate lung development leads to neonatal complications, with 
high mortality and morbidity, especially respiratory distress syn-
drome (RDS) in newborns.1 In contrast to amniotic fluid testing, a 
Doppler exam is a non-invasive method to assess fetal lung matura-
tion.2–4 Determining fetal pulmonary artery blood flow acceleration 
time, ejection time, and acceleration/ejection time ratio (PATET) is a 
new approach for monitoring pulmonary artery pressure.2,3 Previous 

studies showed that the acceleration time was negatively correlated 
with pulmonary artery systolic pressure.5,6

The COVID-19 pandemic has spread rapidly worldwide, with 
adverse pregnancy outcomes, including maternal multisystemic 
organ damage, with hypercoagulation, hypoxia, and an excessive 
inflammatory response, reported in infected individuals.7–10 The 
aforementioned adverse effects can explain reported complica-
tions, such as early pregnancy loss and fetal growth retardation, 
caused by COVID-19.11–13 Although the mechanisms underlying 
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Abstract
Objective: To evaluate fetal lung development using pulmonary artery Doppler in 
pregnant women who had recovered from COVID-19.
Methods: The prospective case–control study included 41 pregnant women who had 
recovered from COVID-19 and 43 healthy pregnant women (control group). All the 
women in the study group had been diagnosed with COVID-19 and had completed a 
quarantine period.
Results: The demographic data of patients were similar in the groups (P  >  0.05). 
Main pulmonary artery peak systolic velocity was higher and pulsatility indices were 
lower in pregnant women who recovered from COVID-19 compared to the controls 
(P  <  0.001, P  =  0.001). Acceleration time, ejection time, and acceleration/ejection 
time ratio (PATET) of the fetal MPA Doppler were significantly decreased in preg-
nant women who recovered from COVID-19 (P < 0.001, P = 0.036, and P = 0.002, 
respectively). The patients who had recovered from COVID-19 were divided into two 
groups: those treated with expectant management and those treated in hospital. The 
pulmonary artery acceleration time and PATET ratio were significantly lower in the 
group treated in the hospital (P = 0.023 and P = 0.045, respectively).
Conclusion: Detailed Doppler evaluations of the pulmonary artery may help in evalu-
ating the fetal adverse effects of COVID-19 disease.
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placental transmission of COVID-19 and its associated effects on 
fetal organs are not clear, fetal vascular malperfusion is the most 
common finding in placental pathology.14,15 Fetal vascular malp-
erfusion may lead to incomplete maturation of fetal lungs and in-
creased pulmonary artery pressure. The aim of the present study 
was to evaluate the development of fetal lungs using pulmonary 
artery Doppler in pregnant women who had recovered from 
COVID-19.

2  |  MATERIAL S AND METHODS

The present study was conducted at Ankara City Hospital between 
February 1, 2021, and June 30, 2021. The prospective case–control 
study included 41 pregnant women who had recovered from 
COVID-19 and 43 healthy pregnant women (control group). All the 
women in the study group had been diagnosed with COVID-19 by a 
reverse transcription polymerase chain reaction test and had com-
pleted a quarantine period. The quarantine period was 14 days for 
those discharged from the hospital and patients who were followed 
up at home. Women with a history of multifetal pregnancies, fetal 
structural anomalies, and maternal systemic diseases were excluded. 
In the control group, pregnant women with symptoms associated 
with COVID-19 infection (e.g. a fever, cough, sore throat, or myalgia) 
were not included.

Written informed consent was obtained from all participants. 
Approval for the study was obtained from the Turkish Ministry of 
Health and Medical Research Ethics Department of the hospital (de-
cision number E2-21-380).

Gestational age was determined by the last menstrual pe-
riod or first trimester crown–rump length. All Doppler measure-
ments were performed at 28–40 weeks of gestation by the same 
maternal fetal medicine specialist using a Voluson S10 ultra-
sound machine C1-5-RS convex probe (1.75–4.95  MHz; General 
Electric Healthcare). The fetal cardiac four-chamber view was ob-
tained first and then the fetal main pulmonary artery (MPA) was 

visualized. The pulmonary valves and the bifurcation of the right 
and left branches of the pulmonary artery were identified. The 
measurements were obtained by placing the cursor between the 
valve and the bifurcation of pulmonary artery. When a specific 
MPA Doppler pattern was obtained,4 systolic/diastolic (S/D) ratio, 
resistance index (RI), pulsatility index, and peak systolic velocity 
(PSV) values were measured by manual or automatic tracing.16 
Acceleration time and ejection time were measured by a manual 
trace. Acceleration time is the time from the onset of flow to the 
maximum flow of the PSV and ejection time is the time from the 
beginning to the end of ventricular systole. The PATET ratio was 
calculated.16,17

In the Doppler measurements, the mean values of three consec-
utive cardiac cycles were used.

Statistical analysis was enforced using IBM SPSS Statistics 17.0 
(IBM Corp., Armonk, NY, USA). Descriptive statistics were given as 
mean ± standard deviation for numerical data with normal distribu-
tion or median and minimum–maximum values for numerical data 
that do not follow a normal distribution. The normality of the vari-
ables was tested with both Shapiro–Wilk and Kolmogorov–Smirnov 
tests. Groups were compared with the Student t-test and Mann–
Whitney U-test. A type-1 error less than 0.05 was considered sta-
tistically significant.

3  |  RESULTS

The present study included 41 patients who recovered from 
COVID-19 and 43 control cases. Table  1 shows the demograph-
ics of the study population. The maternal baseline characteristics 
of the two groups were similar. The clinical features of COVID-19 
are shown in Table 2. The mean gestational age at the time of the 
COVID-19 diagnosis was 16.1  weeks (range 5–30  weeks), and 12 
(29%) of the patients had been hospitalized. All the hospitalized pa-
tients received treatment with low-molecular weight heparin. Only 
one patient received lopinavir-ritonavir therapy.

TA B L E  1  Baseline data and characteristics of the groupsa

Controls (n = 43) Recovered from COVID-19 (n =41) P value

Maternal age (years) 27.4 ± 4.8 28.6 ± 5.5 0.342

BMI (kg/m2) 28.5 ± 7.0 27.8 ± 4.1 0.477

Nulliparity 19 (44.2) 16 (39) 0.230

Gestational age at ultrasound assessment (weeks) 32.0 ± 0.7 32.3 ± 4.3 0.823

BPD (weeks) 32.9 ± 3.9 32.7 ± 4.1 0.903

AC (weeks) 31.6 ± 5.9 31.3 ± 6.1 0.801

FL (weeks) 32.0 ± 3.9 31.8 ± 4.1 0.854

EFW (g) 2053 ± 785 2015 ± 814 0.872

DVP (mm) 50.9 ± 11.7 50.6 ± 10.8 0.907

Abbreviations: AC, abdominal circumference; BMI, body mass index; BPD, biparietal diameter; DVP, deepest vertical pocket; EFT, estimated fetal 
weight; FL, femur length.
aValues are given as as number (percentage) or mean ± SD.
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The findings of the Doppler assessments are shown in Table 3. 
The MPA-PSV was higher and the pulsatility index was lower in 
the pregnant women who had recovered from COVID-19 com-
pared to the controls (P < 0.001 and P = 0.001, respectively). The 
acceleration time, ejection time, and PATET ratio of the fetal MPA 
were significantly decreased in the pregnant women who had re-
covered from COVID-19 (P  <  0.001, P  =  0.036, and P  =  0.002, 
respectively). The patients who had recovered from COVID-19 
were divided into two groups: those treated with expectant 
management and those treated in hospital. When the pulmonary 
artery Doppler data in these groups were compared, the pulmo-
nary artery S/D ratio, acceleration time, and PATET ratio were 
significantly lower in the group treated in the hospital (P = 0.049, 
P = 0.023, and P = 0.045).

4  |  DISCUSSION

In the present study, low MPA pulsatility index, acceleration time, 
and ejection time values and low PATET ratios were found in the 
pregnant women who had recovered from COVID-19 compared to 
the values in the control group. In addition, the pulmonary artery 
S/D ratio, acceleration time, and PATET ratio were significantly 
lower in the group treated in the hospital.

During fetal lung maturation, pulmonary impedance decreases, 
and pulmonary artery flow increases, with the ejection flow reaching 
a peak in mid-systole. In contrast, the ejection flow peaks earlier in 
patients with high pulmonary impedance. As a result, the acceleration 
time and PATET ratio decrease, as reported in earlier studies.5,6,18 A 
study that investigated the relationship between the PATET ratio and 
surfactant/albumin ratio revealed an inverse relationship between the 
PATET ratio and neonatal respiratory distress.18 In another study, the 
PATET ratio was lower in infants diagnosed with RDS.5 Büke et al.2 
investigated the relationship between the fetal PATET ratio and neo-
natal transient tachypnea. In their study, the PATET ratio had a neg-
ative predictive value of 96%, sensitivity of 83.3%, and specificity of 
82.7% in detecting transient tachypnea. In the present study, both 
the PATET ratio and acceleration time were decreased in the patients 
who had recovered from COVID-19. The PATET ratio and accelera-
tion time were significantly lower in the symptomatic patients who 
required hospitalization. It is believed that these findings might be a 
reflection of the adverse effects of maternal COVID-19 infection on 
the fetal lung.

In a study on 756 fetuses that used fetal MPA Doppler to pre-
dict neonatal RDS, the PATET ratio was decreased in fetuses that 
developed RDS. In contrast to the present findings, they reported 
that the MPA pulsatility index was increased, and the PSV was de-
creased, in fetuses that developed RDS. Importantly, in the present 
study, the ability of the pulsatility index and RI to predict the devel-
opment of RDS appeared to have lower sensitivity and specificity 
compared to that of the PATET ratio.16 On the other hand, Lindsley 
et al.19 observed no differences in fetal pulmonary artery PSV, S/D 
ratio, pulsatility index, and RI value of preterm newborns with RDS 
versus those without RDS. Further studies are needed to shed light 
on the importance of the PSV, S/D ratio, pulsatility index, and RI in 
fetal lung maturation (Table 4).

Fetal distress and preterm birth are common obstetrical com-
plications of COVID-19. Fetal pulmonary status has become an 

TA B L E  2  Clinical characteristics of COVID-19a

Variables Values

Gestational age at diagnosis (weeks) 16.1 (5–30)

Admission to hospital 12 (29)

COVID-19 therapy 12 (29)

Low-molecular weight heparin 12 (29)

Lopinavir-ritonavir 1 (2)

aValues are given as number (percentage) or median (interquartile 
range).

TA B L E  3  Fetal Doppler assesmenta

Controls 
(n = 43)

Recovered from 
COVID-19 (n = 41)

P 
value

PA PSV 53.5 ± 11.8 66.8 ± 16.7 <0.001

PA S/D 7.1 ± 1.1 6.6 ± 1.6 0.082

PA PI 2.2 ± 0.2 1.8 ± 0.5 0.001

PA RI 0.8 ± 0.01 1.0 ± 0.4 0.565

PA AT 57.2 ± 9.8 44.9 ± 13.4 <0.001

PA ET 215.0 ± 35.8 198.9 ± 40.5 0.036

PATET 0.27 ± 0.06 0.23 ± 0.07 0.002

Abbreviations: AT, acceleration time; ET, ejection time; PA, pulmonary 
artery; PATET, acceleration/ejection time ratio; PI, pulsatility index; 
PSV, peak systolic velocity; S/D, systolic/diastolic ratio.
aValues are given as mean ± SD. Statistically significant data (P < 0.05) 
is written in bold.

TA B L E  4  Comparison of fetal pulmonary artery Doppler data 
according to treatment approach of patients recovered from 
COVID-19a

Expectant 
management (n = 29)

Treatment in 
hospital (n = 12)

P 
value

PA PSV 68.5 ± 18.6 62.8 ± 10.7 0.436

PA S/D 7.1 ± 1.1 6.6 ± 1.6 0.049

PA PI 1.7 ± 0.6 2.0 ± 0.4 0.185

PA RI 1.06 ± 0.5 0.95 ± 0.4 0.488

PA AT 48.1 ± 13.4 37.1 ± 10.3 0.023

PA ET 203.3 ± 38.6 188.2 ± 44.6 0.250

PATET 0.24 ± 0.07 0.20 ± 0.07 0.045

Abbreviations: AT, acceleration time; ET, ejection time; PA, pulmonary 
artery; PATET, acceleration/ejection time ratio; PI, pulsatility index; 
PSV, peak systolic velocity; S/D, systolic/diastolic ratio.
aValues are given as mean ± SD. Statistically significant data (P < 0.05) 
is written in bold.
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important issue.11–13,20,21 In a review on neonatal complications 
in newborns (n  =  67), RDS or pneumonia was observed in 18% 
(n = 12), low birth weight in 13% (n = 9), asphyxia in 2% (n = 1), 
and perinatal death in 3% (n = 2) of the newborns. Despite strict 
infection control and prevention procedures during the birth and 
separation of the mother and newborn, four newborns, three of 
whom had pneumonia, were positive for COVID-19, and vertical 
transmission could not be excluded.22 However, there is insufficient 
evidence to support vertical transmission of COVİD-19.23 Previous 
research showed that the virus disrupted fetomaternal perfusion 
by causing placental injury, including villitis, inflammation, and 
arteriopathy.24,25 It was therefore hypothesized that COVID-19 
infection-related events, such as increased levels of cytokines, 
maternal hypoxia, and impaired coagulation cascades, may have 
negative effects on fetal pulmonary circulation, including placental 
malperfusion.7,11,13

The present study has strengths and weaknesses. It was a pro-
spective single-center study, with a standard follow-up protocol. 
However, the cases were not evaluated with respect to vertical 
transmission. In addition, neonatal outcomes could not be presented 
as they were delivered at different centers.

In conclusion, COVID-19 causes more severe disease in preg-
nant women compared with non-pregnant women.20,21 Many 
studies have been conducted on fetal adverse effects,14,15,20,21 
but many questions about fetal consequences remain unan-
swered. COVID-19 infection can have a negative impact on pla-
cental tissues and fetal organs.24,25 Further studies are needed to 
clarify the impact of maternal COVID-19 infection on fetal lung 
development.
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