
O R I G I N A L  R E S E A R C H

Efficacy of Normobaric High-Flow Oxygen 
Therapy Combined with Low Molecular Weight 
Heparin in the Management of Fetal Growth 
Restriction: A Prospective Cohort Study
MeiRong He *, KaiSun Zhao *, QingFang Wei , MeiPing He , ChunLan Yuan, WenQian Jian , 
JianChun Huang

Department of Obstetrics, The Third Affiliated Hospital of Guangxi Medical University, The Second Nanning People’s Hospital, Nanning, Guangxi 
Zhuang Autonomous Region, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: JianChun Huang, Department of Obstetrics, The Third Affiliated Hospital of Guangxi Medical University, The Second Nanning 
People’s Hospital, No. 13, Dancun Road, Jiangnan District, Nanning, Guangxi Zhuang Autonomous Region, 530031, People’s Republic of China, 
Tel +860771-4808241, Email huangjc3081@163.com

Objective: This study investigated the clinical efficacy of adding normobaric high-flow oxygen therapy (NHFOT) to low molecular 
weight heparin (LMWH) and standard supportive care for the management of the present FGR cohort, idiopathic fetal growth 
restriction (FGR).
Methods: This prospective cohort study enrolled 117 women with idiopathic FGR, representing a spectrum of gestational ages at 
diagnosis, at a single center between July 2022 and June 2025. All participants received standard supportive care including low-flow 
nasal oxygen (2–5 L/min, 30–40% O2) and intravenous nutritional support (vitamin C 4 vials/8 mL in 500 mL 5% dextrose plus 
200 mL compound amino acids daily for 7 days). Participants were assigned to three groups based on shared decision-making: Group 
1 (n=32) received standard care only; Group 2 (n=37) received standard care plus subcutaneous LMWH (4000 IU daily); Group 3 
(n=48) received standard care plus LMWH and NHFOT (8–10 L/min, 95% O2, 45 min/day).
Results: Compared with Group 1, Group 3 showed a modest but statistically significant prolongation of gestational age at delivery 
(+2.5 days; 267.5 vs 265.0 days; P=0.002), higher median birth weight (+240 g; 2600 vs 2360 g; P<0.001), higher FGR cure rate 
(45.83% vs 18.75%; P=0.042), and lower low birth weight rate (33.33% vs 65.63%; P=0.013). However, no significant differences in 
FGR cure rate were observed between Group 3 and Group 2 (45.83% vs 32.43%; P=0.213). No significant differences were found in 
preterm birth rates or umbilical cord blood gas parameters among groups.
Conclusion: Our findings indicate that in a cohort of idiopathic FGR encompassing a range of gestational ages, combining NHFOT 
with LMWH may improve fetal weight and reduce LBW risk compared to standard care alone. However, no conclusive additional 
benefit over LMWH alone was observed for the primary cure outcome.
Clinical Trial Number: MR-45-22-008098.
Keywords: fetal growth restriction, low molecular weight heparin, normobaric high-flow oxygen therapy, pregnancy outcome

Introduction
Fetal growth restriction (FGR) refers to a condition in which the fetus fails to achieve its genetically predetermined 
growth potential due to pathological influences from maternal, fetal, or placental factors. It is typically characterized by 
an estimated fetal weight or abdominal circumference below the 10th percentile for the corresponding gestational age, as 
assessed by ultrasound.1–4 As the second leading cause of perinatal mortality,4 the incidence of FGR in China is 
approximately 8.77%, with a significantly higher prevalence among preterm infants (16.43%) compared to term infants 
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(7.87%).5 The etiology of FGR is multifactorial and not yet fully elucidated; it primarily involves maternal, fetal, 
placental, and umbilical cord factors. Research indicates that the majority of cases result from impaired placental 
perfusion, which compromises intrauterine fetal nutrition and oxygen supply, ultimately restricting fetal growth.6 

Studies have shown that fetuses with FGR have a 2–3 times higher risk of fetal distress compared to normal fetuses. 
This increased risk is largely attributable to placental insufficiency, which reduces oxygen and nutrient transfer, thereby 
predisposing the fetus to hypoxia and acidemia during labor, potentially leading to adverse outcomes such as fetal demise 
and stillbirth.7 Preterm birth is a major adverse outcome associated with FGR.8 When placental dysfunction causes 
deterioration of the intrauterine environment, the mother may opt for early delivery to prevent further fetal compromise. 
However, preterm birth itself introduces additional health risks, including neonatal respiratory distress syndrome, 
intraventricular hemorrhage, necrotizing enterocolitis, and other severe complications. Long-term consequences encom
pass metabolic syndrome (obesity, diabetes, insulin resistance), cardiovascular diseases, and neurodevelopmental impair
ments, which may persist throughout the child’s lifetime.9–14 Given the profound impact of FGR on pregnancy outcomes 
and the lack of conclusive evidence supporting effective interventions such as low-flow nasal oxygen therapy, enhanced 
nutritional supplementation, or multivitamins, it is imperative to explore more efficacious therapeutic approaches. Some 
literature suggests that interventions aimed at improving placental microcirculation or modulating inflammatory 
responses may indirectly influence FGR outcomes.15 This study focuses on the clinical efficacy of NHFOT combined 
with low-molecular-weight heparin in the management of fetal growth restriction, aiming to provide novel insights and 
strategies for clinical practice.

Patients and Methods
General Information
This study was conducted in accordance with the Declaration of Helsinki and was approved by the the Ethics Committee 
of the Second Nanning People’s Hospital (Approval No.: Y2022021). The study was registered with the Chinese 
National Medical Research Registration Information System (Registration No.: MR-45-22-008098). As this was a non- 
randomized prospective cohort study with treatment assignments determined through patient-clinician shared decision- 
making prior to formal analysis, written informed consent was obtained from all participants. This prospective, single- 
cent er cohort study enrolled 117 pregnant women diagnosed with FGR admitted to our hospital between July 2022 and 
June 2025. Participants were allocated into three groups based on their treatment preferences using a non-randomized 
controlled design:

Group 1 (n=32): Received low-flow nasal oxygen therapy combined with intravenous nutritional support.
Group 2 (n=37): Received the interventions of Group 1 plus subcutaneous low molecular weight heparin (LMWH) at 

4000 IU.
Group 3 (n=48): Received the interventions of Group 2 plus NHFOT.
Given the exploratory nature of this novel combined therapy (NHFOT plus LMWH), preliminary data for sample size 

calculation were not available We adopted a total population sampling approach, consecutively enrolling all eligible cases 
during the study period to maximize clinical relevance. The sample size of 117 is within the range of previous FGR 
studies, which reported sizes from 30 to 164 cases.16–19 Treatment strategies were determined through shared decision- 
making between clinicians and patients, with all participants providing written informed consent.

Inclusion Criteria
1. Gestational age confirmed by prenatal ultrasound;
2. Singleton viable pregnancy;
3. Complete prenatal records with regular check-ups;
4. Gestational age between 28 and 37 weeks;
5. Idiopathic FGR without other comorbidities;
6. Voluntary participation with signed informed consent.
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Exclusion Criteria
1. Known allergy to study medications;
2. Severe cardiac, hepatic, or renal dysfunction;
3. Fetal chromosomal abnormalities or malformations;
4. Cognitive impairment or psychiatric disorders;
5. Coexisting conditions such as diabetes mellitus or hypertensive disorders of pregnancy.

Diagnostic Criteria
1. Preterm birth: Delivery occurring between 28 and 36+6 weeks.20,21

2. Low birth weight: Neonates born with a weight less than 2500 g.20,21

3. FGR was classified as the present FGR cohort based on gestational age at diagnosis (between 32 and 37 weeks) in 
this study, consistent with common clinical classifications in the literature.22 The severity was further character
ized by the proportion of cases with an estimated fetal weight below the 3rd percentile.

Cohort Characteristics: All FGR cases were diagnosed between 28 and 37 weeks of gestation. Based on the standard 32- 
week cutoff, the cohort included 52 cases of early-onset FGR (diagnosis <32 weeks) and 65 cases of the present FGR 
cohort FGR (diagnosis ≥32 weeks).

Research Methods and Observational Metrics
Treatment Protocols
After admission, all pregnant women in the three groups received close monitoring, including regular fetal heart rate 
surveillance and ultrasound assessments. They were positioned in the left lateral decubitus position to optimize 
uteroplacental perfusion. Clinical management was tailored to prevent intrauterine fetal death, which included prompt 
evaluation and, if indicated, expedited delivery in cases of non-reassuring fetal status.

Intervention Group 1 (Group 1): Received low-flow nasal oxygen therapy combined with intravenous nutritional 
support. Low-flow oxygen was delivered via nasal cannula at 2–5 L/min with 30–40% O2 concentration, consistent with 
conventional management for maternal hypoxia. Oxygen was administered twice daily for 30 minutes per session for 7 
days. Intravenous administration included vitamin C (4 vials, 8 mL, Manufacturer: Ruiyang Pharmaceutical Co., 
Ltd. Approval Number: H41023393) mixed into 500 mL of 5% glucose solution (Manufacturer: Anhui Shuanghe 
Pharmaceutical Co., Ltd. Approval Number: National Medicine Approval Number H51020634)., and 200 mL of 
compound amino acids (Manufacturer: Fuzhou Haiwangfu Pharmaceutical Co., Ltd. Approval Number: National 
Medicine Approval Number H20083703)., administered via infusion once daily for 7 days. This nutritional support 
regimen, providing antioxidants and basic nutritional substrates, was adopted as part of our institutional standard 
supportive care for FGR, based on general principles of supporting maternal and fetal nutrition in the context of 
presumed placental insufficiency.

Intervention Group 2 (Group 2): Received all treatments of Group 1 plus subcutaneous injection of LMWH at a dose 
of 4000 IU (0.4 mL, Manufacturer: Aventis Pharmaceuticals Co., Ltd. (France), Approval Number: National Drug 
Approval Number H20030429).

Intervention Group 3 (Group 3): Received all treatments of Group 2 plus NHFOT. Oxygen was delivered via a sealed 
high-pressure oxygen mask (Manufacturer: Changzhou Wujin Xinhua Medical Devices Co., Ltd. Model: XQ-02) outside 
the hyperbaric oxygen chamber, with a high-concentration, high-flow oxygen supply at 8–10 L/min, 95% oxygen 
concentration, for 45 minutes per session, once daily.

Observation Indicators
The following parameters were observed and compared among the three groups:

Maternal age, parity, pre-pregnancy BMI, pre-delivery weight, gestational age at diagnosis; Ultrasound indices: 
resistance index (RI), pulsatility index (PI), and systolic/diastolic (S/D) ratio; Fetal estimated weight below the 3rd 
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percentile (3%) threshold, a threshold often indicative of more severe growth restriction; Gestational age at delivery post- 
intervention; Neonatal birth weight; FGR cure rate; Incidence of Low Birth Weight (LBW); Incidence of Preterm Birth 
(PTB); Umbilical artery blood gas analysis of the neonates.

Due to measurement timing variability, post-treatment umbilical blood flow parameters were not analyzed.

Safety Monitoring
Patients were monitored for any adverse effects related to the treatments. Specifically, for LMWH, signs of bleeding or 
injection site reactions were noted. For oxygen therapies, patient tolerance and any signs of discomfort were recorded.

Statistical Analysis
Data were analyzed using SPSS version 29.0. Categorical variables were expressed as percentages (%) and compared 
using the Chi-square (χ2) test; when expected counts were less than 5, Fisher’s exact test was applied. A p-value < 0.05 
was considered statistically significant. For continuous variables with normal or near-normal distribution, data were 
presented as mean ± standard deviation (�x� s), and comparisons among multiple groups were performed using one-way 
ANOVA. Non-normally distributed data were expressed as medians with interquartile ranges, and comparisons among 
groups were conducted using the Kruskal–Wallis H-test. Pairwise comparisons were adjusted with the Bonferroni 
correction, with p < 0.05 indicating statistical significance.

Results
Comparison of Baseline Characteristics
Baseline characteristics among the three groups showed no statistically significant differences in age, gravidity, parity, 
pre-pregnancy BMI, or pre-delivery weight (P > 0.05), Table 1.

Comparison of Indicators at Diagnosis of FGR
The three groups demonstrated comparable baseline fetal profiles, with no significant differences in umbilical artery 
Doppler parameters (RI, PI, S/D), gestational age at FGR diagnosis, or proportion of estimated fetal weight below the 3rd 
percentile (P > 0.05), Table 2.

Comparison of Neonatal Outcomes
Following the interventions, gestational age at delivery differed significantly among the three groups: Group 3 (267.5 
days) was significantly longer than Group 1 (265.0 days) and Group 2 (264.0 days) (overall P = 0.002). There was no 
statistically significant difference between Group 1 and Group 2 (P > 0.05). Birth weight: Group 3 (2600 g) > Group 2 
(2442 g) > Group 1 (2360 g), with significant differences among groups (overall P < 0.001). The weight in Group 3 was 
significantly higher than in Group 1, with a statistically significant difference between these two groups (P < 0.05). There 
was no significant difference between Group 2 and the other two groups (P > 0.05). Cure rate: The cure rate was 
significantly higher in Group 3 than in Group 1 (45.83% vs 18.75%; OR 3.67, 95% CI 1.21–11.15; P = 0.042). The cure 

Table 1 Comparison of Baseline Characteristics of Pregnant Women in Three Groups

Indicator Intervention Group 1 
(n=32)

Intervention Group 2 
(n=37)

Intervention Group 3 
(n=48)

Statistic P

Age (years) 29.56 ± 6.17 28.70 ± 5.14 30.71 ± 5.91 F=1.46 0.237

Gravidity 1 (1–2) 1 (1–2) 1 (1–2) H=0.82 0.664

Parity 1 (1–1) 1 (1–1) 1 (1–2) H=2.15 0.341
BMI 20.82 (18.84–23.97) 22.20 (19.68–23.64) 20.83 (18.84–23.79) H=2.78 0.249

Weight before delivery (kg) 50.25 (43.25–60.00) 53.00 (47.00–55.00) 50.00 (46.13–55.75) H=3.91 0.142

Note: Data are presented as mean ± standard deviation or median (interquartile range); Intervention Group 1: Low-flow nasal cannula oxygen + fluid infusion; Intervention 
Group 2: Intervention Group 1 + Low molecular weight heparin sodium; Intervention Group 3: Intervention Group 2 + Normal pressure high-flow oxygen therapy.
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rate in Group 2 (32.43%) did not differ significantly from either of the other two groups. Incidence of LBW: The 
incidence of low birth weight was significantly lower in Group 3 than in Group 1 (33.33% vs 65.63%; OR 0.26, 95% CI 
0.09–0.74; P = 0.013). There was no significant difference between Group 2 and the other two groups (P > 0.05). Rates of 
preterm birth and umbilical artery blood gases (PH, Lac) showed no statistically significant differences among the three 
groups (P > 0.05), Table 3.

Discussion
Fetal Growth Restriction as a Common Obstetric Complication
FGR is a prevalent obstetric complication, with a global incidence of approximately 5% to 10%,22 posing significant 
clinical challenges. Current management strategies primarily aim to improve placental blood flow and enhance fetal 
monitoring. However, traditional conservative treatments often show limited efficacy. Although combined therapies, such 
as dextran and Salvia miltiorrhiza (a traditional Chinese medicinal herb used for its proposed circulatory benefits) injec
tions, have shown modest benefits, their overall effectiveness remains insufficient.

Emerging Therapeutic Approaches
In recent years, LMWH has garnered attention for its potential to improve placental blood supply.15,23 Nevertheless, 
robust clinical evidence supporting its widespread use is still lacking.

Study Design and Key Findings
This prospective cohort study systematically compared the effects of three interventions on FGR treatment: Intervention 
1: Low-flow nasal oxygen therapy combined with parenteral nutrition. Intervention 2: Intervention 1 plus LMWH. 
Intervention 3: Intervention 2 plus routine NHFOT therapy. Results indicated that Intervention 3 (NHFOT combined with 

Table 2 Comparison of Indicators at Diagnosis of FGR in Three Groups

Indicator Intervention Group 
1 (n=32)

Intervention Group 
2 (n=37)

Intervention Group 
3 (n=48)

Statistic P

Umbilical artery S/D ratio 2.57 (2.35–2.89) 2.58 (2.40–2.84) 2.55 (2.31–2.95) H=0.28 0.869

Pulsatility index (PI) 1.01 (0.85–1.05) 0.95 (0.86–1.03) 0.93 (0.86–1.06) H=0.97 0.615

Resistance index (RI) 0.63 (0.58–0.66) 0.63 (0.59–0.67) 0.63 (0.58–0.67) H=0.05 0.975
Gestational age at diagnosis (days) 227.5 (216.5–239.5) 228.0 (217.0–235.5) 226.0 (211.0–239.0) H=0.84 0.657

Fetal weight estimation below 3rd 
percentile, n (%)

8 (25.00%) 16 (43.24%) 17 (35.42%) χ2=2.51 0.285

Note: Data are presented as median (interquartile range) or frequency (percentage). Other abbreviations as in Table 1. 
Abbreviation: FGR, Fetal Growth Restriction.

Table 3 Comparison of Neonatal Outcomes in Three Groups

Indicator Intervention Group 
1 (n=32)

Intervention Group 
2 (n=37)

Intervention Group 
3 (n=48)

Statistic P

Gestational age at delivery (days) 265.0 (260.3–268.8)a 264.0 (260.5–267.5)a 267.5 (263.5–273.0)b H=12.36 0.002

Birth weight (g) 2360 (2273–2498)a 2442 (2360–2600)a,b 2600 (2423–2810)b H=17.44 <0.001

Cure rate n (%) 6 (18.75%)a 12 (32.43%)a,b 22 (45.83%)b χ2=6.33 0.042
LBW n (%) 21 (65.63%)a 20 (54.05%)a,b 16 (33.33%)b χ2=8.64 0.013

PTB n (%) 5 (15.63%) 2 (5.41%) 3 (6.25%) χ2=2.84 0.241

Umbilical artery blood gas pH 7.25 (7.21–7.29) 7.27 (7.24–7.32) 7.27 (7.22–7.32) H=4.10 0.129
Umbilical artery blood gas Lac 3.70 (2.90–4.50) 3.05 (2.55–3.68) 3.40 (2.50–4.30) H=4.04 0.132

Note: Data are presented as median (interquartile range) or frequency (percentage); LBW: Low birth weight (birth weight <2500g); PTB: Preterm birth (gestational age at 
delivery <37 weeks); Lac: Lactate (mmol/L); Superscript letters indicate significant differences between groups (Bonferroni correction): Same letters (e.g., a,a) indicate no 
significant difference (P>0.05); Different letters (e.g., a,b) indicate significant difference (P<0.05); Intervention groups as in Table 1.
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LMWH) outperformed the group receiving only parenteral nutrition support in several key aspects: Prolongation of 
gestational age at delivery: 267.5 days versus 265.0 days (P=0.002). Increase in neonatal birth weight: 2600 g versus 
2360 g (P<0.001). Higher FGR cure rate: 45.83% versus 18.75% (P=0.042). Reduced incidence of LBW: 33.33% versus 
65.63% (P=0.013). While Group 3 demonstrated superior outcomes compared with Group 1 (standard care), the incremental 
benefit of adding NHFOT to LMWH (ie., Group 3 vs Group 2) did not reach statistical significance for most endpoints— 
including FGR cure rate (45.83% vs 32.43%, P = 0.213)—though numerical trends favored Group 3. This suggests that the 
combination of LMWH and NHFOT may yield additive rather than synergistic effects within this sample size, and larger 
studies are needed to detect smaller but clinically meaningful differences between these two active interventions.

Conclusions and Clinical Implications
These findings suggest that combining NHFOT with LMWH may improve clinical outcomes in FGR by extending 
gestation, increasing fetal weight, and reducing LBW risk. This integrated approach offers a promising direction for 
future clinical practice and warrants further investigation.

Non-randomized grouping may introduce selection bias; however, the comparability of baseline characteristics 
(Table 2) and the patient’s autonomous decision-making mechanism effectively mitigate this risk. According to the 
study results, at the time of FGR diagnosis with different interventions, no statistically significant differences (P > 
0.05) were observed among the three groups in fetal umbilical artery blood flow parameters—including Resistance 
Index (RI), Systolic/Diastolic ratio (S/D)—gestational age at diagnosis, or the proportion of estimated fetal weight 
below the 3rd percentile. This indicates that the baseline characteristics among the groups are comparable. Post- 
treatment umbilical blood flow parameters were not analyzed due to inconsistent follow-up times; future studies 
should monitor these parameters at fixed time points.

Recent studies have demonstrated that hyperbaric oxygen therapy (HBOT) can improve uterine and placental blood 
circulation, enhance placental oxygenation and function, and promote fetal growth and development.24 Other research has 
shown that HBOT significantly reduces fetal RI, S/D values, and whole blood viscosity, substantially improving placental 
microcirculation, alleviating fetal distress, promoting fetal growth, and improving perinatal outcomes.25,26 Our study 
suggests that combining NHFOT with LMWH may have a synergistic effect in improving clinical outcomes in FGR.

Key Outcome Comparisons
Gestational Age at Delivery: The median gestational age in Intervention Group 3 was 267.5 days, significantly longer 
than 264.0 days in Group 2 and 265.0 days in Group 1 (P < 0.05). No significant difference was observed between 
Groups 1 and 2 (P > 0.05).

Neonatal Birth Weight
The median birth weight in Group 3 was 2600 g, higher than 2442 g in Group 2 and 2360 g in Group 1 (P < 0.05). No 
significant difference was found between Group 2 and either of the other two groups (P > 0.05).

FGR Cure Rate
The cure rate (birth weight ≥ 10th percentile for gestational age) was 45.83% in Group 3, significantly higher than 
18.75% in Group 1 (P < 0.05). No significant difference was observed between Group 2 and the other groups (P > 0.05).

LBW Rate
The LBW rate in Group 3 was 33.33%, significantly lower than 65.63% in Group 1 (P < 0.05). The LBW rate in Group 2 
was 54.05%, with no significant difference compared to either of the other groups (P > 0.05).

Preterm Birth Rate & Umbilical Artery Blood Gas
There were no statistically significant differences among the three groups regarding preterm birth rates (P > 0.05) or 
umbilical artery blood gas parameters (pH, lactate) (P > 0.05). This suggests that NHFOT during pregnancy has limited 
impact on neonatal umbilical artery blood gas analysis.
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Potential Mechanisms of HBOT
Hyperbaric oxygen therapy may improve uteroplacental circulation through multiple mechanisms. Specifically, HBOT 
can significantly increase blood oxygen partial pressure (by 10–15 times) and extend oxygen diffusion distance (by 3–4 
times), effectively alleviating placental hypoxia.27 These effects may be related to: Reversing Hypoxic 
Vasoconstriction: HBOT increases tissue oxygen reserves, reversing hypoxic vasoconstriction in the intervillous space 
of the placenta. Reducing Oxidative Stress Damage: It inhibits oxidative stress reactions, reducing free radical damage to 
placental vascular endothelial cells.26,27 Promoting Vascular Remodeling: It modulates the expression of placental 
angiogenic factors (such as VEGF, PlGF), promoting placental vascular remodeling.28

However, it is important to note that HBOT still faces significant limitations in obstetric applications. Multiple studies 
have reported potential complications, including barotrauma-related middle ear damage (incidence approximately 17%), 
oxygen toxicity (around 2%), and a theoretical increased risk of miscarriage, especially during early pregnancy.29 These 
safety concerns substantially restrict the clinical use of HBOT during pregnancy.30 In contrast, conventional low- 
concentration oxygen therapy, which only elevates oxygen partial pressure by about 20–30%, has limited efficacy in 
improving FGR.26 Based on our findings, NHFOT may serve as an alternative approach that balances efficacy and safety. 
Theoretically, NHFOT combines the oxygenation advantages of hyperbaric oxygen with the safety profile of normobaric 
oxygen.26,30 However, this hypothesis requires validation through rigorous controlled studies, particularly to clarify the 
dose-response relationship between different oxygen therapy modalities and their effects on placental hemodynamics, as 
well as long-term fetal outcomes.

NHFOT involves the administration of high-concentration, high-flow oxygen via mask or nasal cannula under 
normobaric conditions. The oxygen flow rate typically ranges from 8 to 10 L/min, with oxygen concentrations reaching 
up to 95%. Existing studies have demonstrated that normobaric oxygen therapy can directly increase the partial pressure 
and oxygen content in the maternal blood, placenta, and fetus, thereby enhancing tissue oxygen reserves. It also elevates 
blood oxygen tension, accelerates blood flow velocity, increases the diffusion radius of oxygen in capillaries, reduces the 
accumulation of acidic metabolic waste, and improves uterine blood supply and blood flow stagnation. These effects 
collectively enhance oxygen supply and placental function, increasing fetal oxygen and energy supply.31 In recent years, 
normobaric oxygen therapy has gradually been applied in clinical obstetric treatments for conditions such as fetal 
distress, fetal arrhythmia, and placental insufficiency, achieving certain therapeutic effects.32 However, its efficacy and 
safety in treating other common obstetric conditions—such as FGR, pregnancy-induced hypertension, and oligohydram
nios—remain to be further investigated. LMWH also plays an important role during pregnancy. As an anticoagulant, it 
primarily inhibits coagulation factors, reduces blood viscosity, and improves placental microcirculation. This reduces 
placental thrombosis and increases placental perfusion, facilitating greater nutrient transfer to the fetus. Animal studies 
have shown32 that treatment of FGR with normobaric high-concentration oxygen therapy yields comparable significant 
efficacy to hyperbaric oxygen therapy, suggesting that normobaric high-flow oxygen could serve as a novel therapeutic 
approach for FGR. Additionally, some studies33 indicate that both standalone NHFOT and LMWH can effectively reduce 
umbilical artery resistance and improve fetal distress and FGR.

Conclusions
This prospective cohort study suggests that in the present FGR cohort, idiopathic FGR, combining normobaric high-flow 
oxygen therapy with low molecular weight heparin may offer incremental benefits over standard supportive care alone, 
primarily in increasing fetal birth weight and reducing the incidence of low birth weight. However, the clinical 
significance of these modest improvements remains to be determined, and the combination therapy did not conclusively 
demonstrate superior efficacy to LMWH alone for the primary cure outcome. Given the non-randomized design, sample 
size constraints, and inherent heterogeneity of FGR, these findings should be considered preliminary. Future large-scale, 
randomized trials are warranted to validate the efficacy of this combined regimen and to identify which subgroups of 
FGR patients might benefit most.
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Limitations of the Study
This study has limitations that should be considered when interpreting the findings. The non-randomized, patient-preference 
design, while reflecting real-world decision-making, is inherently susceptible to residual confounding. Although baseline 
characteristics were comparable, unmeasured or unadjusted variables—such as detailed nutritional intake, patterns of 
gestational weight gain, maternal anemia, hypoalbuminemia, and subclinical antenatal infections—could influence fetal 
growth independently of the interventions and may not have been evenly distributed between groups. The single-center 
setting and relatively modest sample size limit statistical power to detect smaller effects and precluded the use of multivariate 
models to adjust for these potential confounders. Furthermore, the clinical heterogeneity of the cohort must be acknowl
edged. Although all cases were diagnosed within the 28- to 37-week window, this range inherently includes both early-onset 
and late-onset FGR subtypes, which are associated with differing severity and placental pathophysiology. This variability 
may influence treatment response and suggests that our results should be interpreted as an average effect across this 
spectrum; generalizability to specific subtypes, particularly more severe early-onset forms, may be limited. The clinical 
significance of the observed improvements, such as the modest increase in birth weight, requires careful interpretation, as 
their long-term implications for child health were not assessed—a crucial area for future investigation. Methodologically, 
umbilical artery Doppler indices were compared as raw values rather than as proportions exceeding gestational age-specific 
thresholds, and post-treatment Doppler parameters were not analyzed due to inconsistent follow-up timing. Future larger- 
scale, randomized controlled trials with comprehensive phenotyping and long-term follow-up are needed to confirm the 
efficacy of this combined regimen and to identify the patient subgroups most likely to benefit.
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