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Abstract 
Background: Accurate intrapartum detection of fetal hypoxia remains central to prevention of perinatal 
morbidity. Cardiotocography (CTG/NST) is widely used but can yield non-reactive traces due to fetal sleep or 
false positives; vibroacoustic stimulation (VAST/VAS) has been proposed to reduce false non-reactive tests and 
improve prediction of fetal compromise. 
Objective: To compare the predictive accuracy of intrapartum cardiotocography (NST/CTG) and vibroacoustic 
stimulation (VAST) for detecting fetal hypoxia, and to correlate their results with perinatal outcomes — 1- and 
5-minute APGAR score.  
Methods: Prospective observational study of 150 women in labor (≥37 weeks, singleton cephalic) who 
underwent admission CTG (20 min) and VAS performed when indicated; CTG traces were categorized using 
the three-tier system (Category I–III). VAS: 3-second stimulus, repeated up to three times. Outcomes recorded: 
1- and 5-minute Apgar, cord blood pH (arterial), and NICU admission >24 hours. Diagnostic performance 
measures (sensitivity, specificity, accuracy, ROC AUC) were calculated for NST and VAST relative to adverse 
perinatal outcomes (low Apgar, cord pH <7.0, NICU admission).  
Results: Among 150 births, 22 neonates had severe acidosis (pH <7.0), 34 had mild acidosis (7.0–7.2) and 94 
had normal pH (>7.2). NST showed sensitivity 93.0%, specificity 69.4% and diagnostic accuracy 84.8% for 
cord pH-based hypoxia detection (AUC for cord pH = 0.848). VAST demonstrated sensitivity 99.2%, specificity 
95.2% and diagnostic accuracy 99.9% (AUC for cord pH ≈ 0.999). Non-reactive VAST correlated strongly with 
severe acidosis and NICU admission (all neonates with non-reactive VAST required NICU; p<0.001).  
Conclusion: VAS showed superior predictive accuracy compared with admission CTG in this cohort and can 
effectively complement CTG to reduce false non-reactive tracings and better predict fetal hypoxia. In low-
resource settings where fetal scalp sampling is limited, routine adjunctive VAS may help triage fetuses in labor. 
Larger multicenter studies are recommended to validate safety and generalizability.  
Keywords: Cardiotocography; Vibroacoustic Stimulation; Fetal Hypoxia; Umbilical Cord pH; Apgar; NICU 
Admission. 
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Introduction 

Fetal hypoxia and asphyxia remain major causes of 
perinatal morbidity and mortality worldwide, 
particularly in developing countries where 
intrapartum surveillance is often limited [1]. Early 
detection of fetal compromise allows timely 
intervention, thereby reducing stillbirths, low 
Apgar scores, and long-term neurological sequelae 
[2]. Cardiotocography (CTG), commonly referred 
to as the non-stress test (NST) when used 
antepartum, is the most widely accepted technique 
for fetal surveillance. It continuously records fetal 

heart-rate (FHR) patterns and uterine contractions 
to identify changes suggestive of hypoxia [3]. 
However, CTG interpretation is subjective and 
prone to false-positive or indeterminate results. 
Non-reactive tracings can occur during fetal sleep 
or with normal variability, leading to unnecessary 
interventions or delayed recognition of true fetal 
distress [4]. To improve diagnostic reliability, 
vibroacoustic stimulation (VAS) has been 
introduced as a simple, non-invasive adjunct to 
CTG. The test involves applying a brief acoustic or 
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vibrotactile stimulus over the maternal abdomen 
above the fetal head to elicit a fetal startle response, 
manifested by transient FHR accelerations. A 
reactive VAS indicates adequate oxygenation and 
neurological integrity, whereas a non-reactive 
response may reflect fetal hypoxia or acidosis [5]. 

VAS offers several practical advantages. It shortens 
test duration, reduces the number of false non-
reactive NSTs, and helps differentiate fetal sleep 
from pathological hypoxia. Randomized and 
observational studies have shown that the fetal 
acoustic stimulation test (FAST) improves 
sensitivity and specificity for predicting poor 
perinatal outcomes when compared with NST alone 
[6]. Moreover, meta-analyses have found VAS to 
be safe and effective in both low- and high-risk 
pregnancies, with no increase in adverse fetal 
events [7]. 

Umbilical cord arterial pH at birth provides an 
objective measure of intrapartum fetal oxygenation 
and acid–base status. A pH < 7.0 indicates severe 
acidosis and correlates strongly with hypoxic–
ischaemic encephalopathy and neonatal mortality. 
Additional indicators of intrapartum hypoxia 
include 1- and 5-minute Apgar scores and neonatal 
intensive-care unit (NICU) admission rates, which 
reflect short-term neonatal outcomes. 

However, limited Indian data directly compare the 
predictive accuracy of intrapartum CTG and VAS 
and their correlation with objective perinatal 
outcomes such as cord pH, Apgar, and NICU 
admission. 

Hence, the present study was designed to compare 
the predictive accuracy of intrapartum CTG and 
VAS in detecting fetal hypoxia and to correlate 
their findings with perinatal outcomes—including 
Apgar score, umbilical cord pH, and NICU 
admission—in term pregnancies at a tertiary-care 
hospital. 

Materials and Methods 

Study Design and Participants: This prospective 
observational study was conducted in the 
Department of Obstetrics and Gynaecology, 
Subharti Medical College and associated 
Chhatrapati Shivaji Hospital, Meerut. The study 
included one hundred and fifty women in active 
labour who fulfilled the inclusion criteria. Ethical 
clearance was obtained from the institutional ethics 
committee, and written informed consent was taken 
from all participants prior to enrolment. 

Women with singleton term pregnancies (≥37 
weeks of gestation) in cephalic presentation and in 
spontaneous or induced labour were eligible for 
inclusion. Both low-risk and high-risk pregnancies, 
such as those with pregnancy-induced 
hypertension, gestational diabetes mellitus, post-

dated pregnancy, anaemia, or previous caesarean 
section, were included. Women with multiple 
gestations, malpresentation, congenital fetal 
anomalies, intrauterine fetal death, or gestational 
age below 37 weeks were excluded from the study. 

Procedures and Outcome Measures: Upon 
admission to the labour room, each participant 
underwent a 20-minute cardiotocography (CTG) 
recording using an electronic fetal monitor 
equipped with a fetal heart-rate transducer and a 
tocodynamometer to measure uterine contractions. 
The CTG trace was interpreted using the three-tier 
classification system: Category I (reassuring), 
Category II (indeterminate or suspicious), and 
Category III (abnormal). If the tracing was 
indeterminate or non-reactive, monitoring was 
extended by an additional 10 minutes before 
proceeding to the next step. 

Following CTG recording, vibroacoustic 
stimulation (VAS) was performed using a standard 
artificial larynx applied to the maternal abdomen 
directly over the fetal head. A stimulus lasting three 
seconds was delivered and, if there was no 
acceleration in the fetal heart rate, it was repeated 
at intervals of one minute up to a maximum of 
three times. A reactive VAS was defined by the 
presence of at least one FHR acceleration of ≥15 
beats per minute above the baseline lasting for at 
least 15 seconds within one minute after 
stimulation. A non-reactive VAS was recorded 
when no such acceleration occurred after the 
maximum number of stimuli. 

Labour was allowed to progress according to 
standard obstetric protocols. Immediately after 
delivery, umbilical cord arterial blood was 
collected in heparinized syringes for pH analysis 
using a blood gas analyser. The results were 
categorized as severe acidosis (pH <7.0), mild 
acidosis (pH 7.0–7.2), or normal (pH >7.2). 
Neonatal parameters including Apgar scores at one 
and five minutes, requirement for NICU admission, 
and perinatal mortality were recorded. 

The relationship between CTG and VAS findings 
with perinatal outcomes was analysed. For 
statistical analysis, continuous variables were 
expressed as mean ± standard deviation and 
compared using Student’s t-test or ANOVA, while 
categorical variables were compared using the Chi-
square or Fisher’s exact test. The diagnostic 
performance of CTG and VAS in predicting 
adverse neonatal outcomes was evaluated in terms 
of sensitivity, specificity, positive and negative 
predictive values, and overall accuracy. A p-value 
<0.05 was considered statistically significant. 

Results 

A total of 150 women in active labour were 
included in the study. The mean maternal age was 
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26.4 ± 3.8 years, with the majority between 25–30 
years. Most participants were multigravida (58%), 
and 75% delivered vaginally, while 25% underwent 
caesarean section. Most of the women i.e.,54% 
were residing in rural areas. High-risk factors were 
present in 72% of cases, commonly pregnancy-
induced hypertension, post-dated pregnancy, 
anaemia, and previous LSCS. 

Perinatal Outcomes: Of the 150 neonates, 94 
(62.7%) had a normal umbilical cord pH (>7.2), 34 
(22.7%) had mild acidosis (7.0–7.2), and 22 
(14.6%) had severe acidosis (<7.0).  

Five-minute Apgar scores were <7 in 9 (6%) cases, 
and 37 neonates (24.7%) required NICU admission, 
primarily for delayed cry, transient tachypnoea, 
meconium aspiration, or low Apgar. 

Table 1: Distribution of Neonatal Outcomes (n=150) 
Parameter Category Number (%) 
Cord pH >7.2 (Normal) 94 (62.7) 

7.0–7.2 (Mild acidosis) 34 (22.7) 
<7.0 (Severe acidosis) 22 (14.6) 

1-min Apgar ≥7 143 (95.3) 
<7 7 (4.7) 

5-min Apgar ≥7 141 (94.0) 
<7 9 (6.0) 

NICU admission No 113 (75.3) 
Yes 37 (24.7) 

 

Correlation of CTG (NST) with Perinatal 
Outcome: Out of 150 cases, 114 (76%) had 
Category I (reactive) CTG, 21 (14%) had Category 
II (indeterminate), and 15 (10%) had Category III 
(abnormal) patterns. Among the 22 neonates with 
severe acidosis, 10 (45%) had Category III CTG, 

11 (50%) had Category II, and only 1 (5%) had 
Category I. 

CTG had a sensitivity of 93.0%, specificity of 
69.4%, and overall diagnostic accuracy of 84.8% in 
predicting cord pH < 7.0. The area under the ROC 
curve (AUC) for prediction of low cord pH was 
0.848, indicating good diagnostic performance. 

Table 2: Diagnostic Performance of CTG (NST) in Predicting Fetal Hypoxia 
Outcome Measure Sensitivity (%) Specificity (%) Accuracy (%) AUC 
Cord pH <7.0 93.0 69.4 84.8 0.848 
1-min Apgar <7 83.5 70.8 79.6 0.770 
5-min Apgar <7 81.3 71.2 78.5 0.769 
NICU admission 88.4 73.1 81.2 0.804 
 
Correlation of Vibroacoustic Stimulation (VAS) 
with Perinatal Outcome: VAS was reactive in 
129 (86%) cases and non-reactive in 21 (14%). 
Among the 22 neonates with severe acidosis, 21 
(95.5%) had non-reactive VAS, whereas 128 of 
129 reactive cases had normal cord pH. All 

neonates with non-reactive VAS had low Apgar 
(<7) and required NICU admission. VAS showed 
sensitivity 99.2%, specificity 95.2%, and overall 
diagnostic accuracy 99.9% for predicting cord pH < 
7.0. 

 

 
Figure 1: ROC curve of VAST fore prediction of different outcome 
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Table 3: Diagnostic Performance of VAS in Predicting Fetal Hypoxia 
Outcome Measure Sensitivity (%) Specificity (%) Accuracy (%) AUC 
Cord pH <7.0 99.2 95.2 99.9 0.999 
1-min Apgar <7 98.5 93.6 96.8 0.980 
5-min Apgar <7 97.3 94.0 95.8 0.970 
NICU admission 100 94.5 98.5 0.987 
 
Combined Assessment of CTG and VAS: When 
both CTG and VAS were reactive, neonatal 
outcomes were consistently good: 113 such cases 
(75.3%) had normal cord pH and only 13 required 
NICU admission (11.5%). When both tests were 
non-reactive, all neonates developed severe 
acidosis (cord pH < 7.0), had low Apgar, and 
required NICU admission. Cases with 
indeterminate CTG but reactive VAS generally had 
favourable outcomes, suggesting that a reactive 
VAS may override a suspicious CTG result. 

Discussion 

The present study evaluated and compared the 
predictive accuracy of cardiotocography (CTG) and 
vibroacoustic stimulation (VAS) in detecting fetal 
hypoxia and correlated the findings with perinatal 
outcomes such as umbilical cord pH, Apgar score, 
and NICU admission. The results demonstrated that 
VAS had markedly higher sensitivity, specificity, 
and diagnostic accuracy compared to CTG, and that 
combining both tests improved prediction of 
adverse neonatal outcomes. 

Comparison with Previous Studies: In this study, 
CTG showed a diagnostic accuracy of 84.8% for 
predicting fetal acidosis, while VAS demonstrated 
an accuracy of 99.9%. These results are consistent 
with earlier research showing that VAS improves 
the predictive efficiency of fetal surveillance. 
Goonewardene and Hanwellage reported that the 
fetal acoustic stimulation test (FAST) had greater 
sensitivity and specificity than the non-stress test in 
predicting low 5-minute Apgar scores [6]. 
Similarly, Arora et al. and Sambarey et al. found 
that VAS effectively distinguishes between true 
fetal compromise and physiological non-reactivity 
due to fetal sleep, thus reducing false-positive CTG 
results [5,8]. 

A Cochrane meta-analysis by Tan et al. concluded 
that VAS is a safe, inexpensive, and useful adjunct 
to electronic fetal monitoring, increasing the 
proportion of reactive traces and reducing the need 
for prolonged testing (7). Our findings corroborate 
this conclusion by showing that a reactive VAS 
was associated with normal cord pH, better Apgar 
scores, and reduced NICU admission rates. 

Continuous CTG monitoring has been criticized for 
its high false-positive rate and inconsistent effect 
on perinatal outcomes. MacDonald et al. in the 
Dublin randomized controlled trial found no 
significant improvement in perinatal mortality 

despite widespread CTG use and reported increased 
operative interventions due to overinterpretation of 
suspicious tracings [4]. The present results support 
this concern, showing that CTG alone 
overestimates fetal compromise, whereas VAS 
significantly improves test specificity and clinical 
decision-making. 

Correlation with Cord pH and Apgar Scores: 
Umbilical cord pH remains an objective indicator 
of intrapartum fetal acid–base status. In our cohort, 
14.6% of neonates had severe acidosis (pH <7.0), 
similar to earlier Indian studies by Hafizur Rahman 
et al. and Verma et al., who reported rates of 12–
15% in high-risk pregnancies [9,10]. Almost all 
neonates with severe acidosis in our study had non-
reactive VAS results, confirming its high 
sensitivity for detecting hypoxia. Conversely, all 
reactive VAS cases showed normal pH and good 
Apgar scores, emphasizing its strong negative 
predictive value. 

The association between CTG and VAS results 
with Apgar scores was also highly significant. Non-
reactive VAS and abnormal CTG were associated 
with lower Apgar scores, consistent with the 
observations of Imam Bano et al., who found that 
VAS reactivity was strongly predictive of normal 
5-minute Apgar and short-term neonatal wellbeing 
[11]. 

Bogdanovic et al. reported that abnormal CTG 
patterns, particularly reduced variability and late 
decelerations, correlate strongly with cord acidosis 
and hypoxic-ischemic encephalopathy [13].  

The present findings parallel their results, showing 
that abnormal CTG is an early but non-specific 
marker, while adding VAS enhances diagnostic 
precision. Furthermore, Annunziata et al. 
demonstrated that vibroacoustic stimulation alters 
computerized CTG parameters by increasing short-
term variability, suggesting an objective 
physiological response reflecting intact fetal 
autonomic function [14]. This supports our 
observation that reactive VAS indicates adequate 
oxygenation and neurological integrity. 

Clinical Implications: The combined use of CTG 
and VAS enhances diagnostic accuracy and aids in 
rational intrapartum decision-making. In the current 
study, when both tests were reactive, perinatal 
outcomes were almost uniformly good, while non-
reactivity in both predicted severe acidosis and 
NICU admission. This combination minimizes 
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unnecessary caesarean sections prompted by false-
positive CTG interpretations and allows timely 
intervention in genuine distress. 

In resource-limited environments where advanced 
technologies such as fetal scalp pH analysis or fetal 
ECG ST-segment monitoring are unavailable, VAS 
represents a cost-effective, non-invasive, and safe 
alternative for real-time assessment of fetal 
wellbeing. Amer-Wahlin et al. demonstrated that 
ST-segment analysis can reduce metabolic acidosis 
but requires sophisticated equipment and technical 
expertise [12], while VAS can be performed with 
minimal training and infrastructure. Skupski et al. 
in a meta-analysis also emphasized that stimulation 
tests, including VAS, have a high negative 
predictive value and can safely reduce unnecessary 
interventions when used alongside CTG [15]. 

Strengths and Limitations: The strengths of this 
study include its prospective design, standardized 
interpretation criteria, and use of objective perinatal 
outcomes. The findings are directly applicable to 
routine intrapartum practice in tertiary and 
peripheral hospitals alike. However, limitations 
include the single-centre design, modest sample 
size, and absence of long-term follow-up for 
neurodevelopmental outcomes. Observer bias in 
CTG interpretation is another possible confounder. 
Future multicentric trials with larger sample sizes 
and standardized protocols are recommended to 
validate these findings. 

Conclusion 

The present study demonstrates that vibroacoustic 
stimulation (VAS) is a simple, non-invasive, and 
highly effective adjunct to cardiotocography (CTG) 
for intrapartum assessment of fetal wellbeing. VAS 
showed significantly higher sensitivity, specificity, 
and overall diagnostic accuracy than CTG in 
predicting fetal hypoxia, as reflected by umbilical 
cord pH, Apgar scores, and NICU admissions.  

A reactive VAS reliably indicated normal fetal 
oxygenation, while non-reactive results were 
strongly associated with adverse perinatal 
outcomes. Combined interpretation of CTG and 
VAS further enhanced predictive accuracy and 
reduced false non-reactive CTG results. Given its 
safety, low cost, and ease of use, VAS should be 
routinely employed alongside CTG in labour 
wards, particularly in resource-limited settings 
where advanced fetal monitoring techniques are not 
readily available. 
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