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Introduction: Newborn resuscitation algorithms emphasize that resuscitation is time-critical, and all algorithm steps are related to the time of birth. Infrared thermal video has the potential to capture events in the delivery room, such as birth, cord clamping, and resuscitative interventions, while upholding the privacy of patients and healthcare providers.



Objectives: The objectives of this concept study were to (i) investigate the technical feasibility of using thermal video in the delivery room to detect birth and cord clamping, and (ii) evaluate the accuracy of manual real-time registrations of the time of birth and cord clamping by comparing it with the accuracy of registrations abstracted from thermal videos.



Methods: An observational study with data collected at Stavanger University Hospital, Norway, from September 2022 to August 2023. The time of birth and cord clamping were manually registered on a portable tablet by healthcare providers. Thermal cameras were placed in the delivery rooms and operating theatre to capture births. Videos were retrospectively reviewed to determine the time of birth and cord clamping.



Results: Participation consent was obtained from 306 mothers, of which 195 births occurred in delivery rooms or an operating theatre with a thermal camera installed. We excluded 12 videos in which no births occurred. Births were detectable in all 183 (100%) thermal videos evaluated. There was a median (quartiles) of 1.8 (0.7, 5.4) s deviation in the manual registrations of the times of births relative to those abstracted from thermal videos. Cord clamping was detectable in 173 of the 183 (95%) thermal videos, with a median of 18.3 (3.3, 108) s deviation in the manual registrations of the times of cord clampings relative to those abstracted from thermal videos.



Conclusion: Recognizing the time of birth and cord clamping from thermal videos is technically feasible and provides a method for determining when resuscitative events occur.
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Introduction

Newborn resuscitation is a time-critical and frequently occurring event. Between 3% and 10% of newborns do not breathe spontaneously and need resuscitation with positive pressure ventilation (PPV) at birth (1–4). Newborn resuscitation algorithms are time-dependent, and all steps in the algorithms are relative to the time of birth (TOB). Newborns not breathing effectively after drying and tactile stimulation, should have their heart rate (HR) assessed and PPV initiated within 60 s after birth (3, 4). Although delayed cord clamping (CC) for at least 30–60 s is recommended as standard care (3, 4), most newborns thought to need resuscitation have the cord clamped and cut early for transfer to the resuscitation table.

Documentation of newborn resuscitations is often inaccurate or incomplete, in most cases performed retrospectively, and based on recall (5–7). Technological advances with automated capture and synchronization of data from newborn resuscitations have recently enabled the evaluation of the sequences, timing, and duration of resuscitative interventions, as well as HR responses to treatment (8–12). All interventions are contextualized relative to the TOB, but an automated and accurate method for registering the TOB for newborns is not available.

Infrared thermal video is a non-invasive technology that can capture and generate images using the thermal radiation emitted and reflected by objects. The higher the temperature, the more radiation is emitted. It is increasingly used in healthcare, for example, for detecting temperature anomalies during disease outbreaks (13, 14). For newborns, thermal imaging has been explored in the evaluation of clinical conditions such as thermoregulation and respiratory rate monitoring (15–18). In addition, thermal imaging has been used for the detection of pathological conditions that include inflammatory responses such as necrotizing enterocolitis (19). An ongoing research project, NewbornTime, aims to explore how artificial intelligence (AI) and thermal video can be leveraged for the automated detection of birth and delivery room resuscitative interventions (20, 21). Given that the skin temperature of the newborn immediately after birth is higher than the skin temperature of the mother, AI-based algorithms can use thermal video to automatically detect the TOB while upholding the privacy of all persons involved.

The objectives of this concept study were to (i) investigate the technical feasibility of using thermal cameras in the delivery rooms to detect the TOB and time of CC, and (ii) evaluate the accuracy of real-time manual registrations of the TOB and time of CC by comparing it with the accuracy of registrations abstracted from thermal videos.



Methods


Study design and setting

This study is a prospective observational study with data collected at Stavanger University Hospital, Norway, from 7 September 2022 to 14 August 2023. This hospital is a tertiary level hospital with 4,000 births annually. Vaginal births take place in the delivery unit (84%) and caesarean sections in the operating theatre (16%). Overall, 3.6% of newborns receive resuscitation with PPV at birth (1).



Data collection and equipment

Thermal videos from birth were captured using passive thermal cameras (an Mx-O-SMA-TPR079 thermal sensor connected to an Mx-S16B camera, Mobotix), placed on the ceiling behind the hospital bed in eight of 14 delivery rooms and one operating theatre, as illustrated in Figure 1. Recordings were started when any pixel in the video frame was above 30°C.


[image: Figure 1]
FIGURE 1
Illustration of a thermal camera placed above the head of the bed, capturing temperature differences in the delivery room. The application of thermal video plays a crucial role in protecting the privacy of mothers and healthcare providers. Illustrations made with Adobe Illustrator; used with permission from Laerdal Medical AS, Fredrik Kleppe.


Thermal radiation captured by the sensor is presented as intensity values (grey scale). To improve visualization, a colour map can be applied to better represent and understand the thermal data, as shown in Figures 2, 3.


[image: Figure 2]
FIGURE 2
The time of birth recorded by a thermal camera in the delivery room. The contour of the newborn is clearly visible in “pink” due to a higher skin temperature than other humans and objects.



[image: Figure 3]
FIGURE 3
Time of cord clamping recorded by a thermal camera in the delivery room; the region of interest is indicated by a circle. Sequential video frames make it easier to recognize the movements of healthcare providers clamping and cutting the umbilical cord, compared with a single thermal image as illustrated here.


Manual registration of the TOB and time of CC was collected by the nurse assistants who pressed “baby born” and “cord clamped” in the Liveborn application designed for registrations of events after birth (Laerdal Medical AS, Stavanger, Norway). Following the activation of birth in the Liveborn application, a thermal video without audio was automatically produced by recording and storing a period of ±15 min centred around the manually registered TOB. Patient characteristics were extracted from the electronic medical records.



Data annotation and definitions

Thermal videos were reviewed and the TOB and time of CC were annotated by independent researchers (VK and JG-T) using the ELAN 5.8 tool (The Language Archive, Nijmegen, The Netherlands). The TOB was defined as the time when we observed that the newborn was distinctly clear of the mother’s perineum or by identifying movements of the healthcare providers clearly indicating the birth of the newborn. The time of CC was defined as when we observed the clamp being placed on the umbilical cord. After the annotations of thermal videos had been completed, a comparison of absolute differences from the manual registrations was performed.



Inclusion and exclusion criteria

Mothers were approached when research assistants were available to obtain consent at routine ultrasound screening during pregnancy, or at admission for labour. We included all newborns for whom the TOB was manually registered in the Liveborn application and the birth occurred in a delivery room with a thermal camera installed. The birth was considered not detectable if an exact TOB was not visible in the video due to obstruction by people or objects and the movements of healthcare providers did not clearly indicate that the baby was born. Videos were excluded if no mother gave birth in the video.



Statistical analysis

Data analysis was conducted using Python 3. Absolute differences in the TOB and time of CC were estimated by subtracting the manual registrations from thermal annotations and obtaining the absolute value. Further assessment of the median and quartiles and evaluation of the distribution of data were then performed.



Ethical considerations

This study is part of the NewbornTime research project, with ethical approval from the Norwegian Regional Ethical committee, region west, Norway (222455), and the Norwegian Agency for Shared Services in Education and Research (identifier 816989). Informed consent was obtained from all mothers included in the study. Healthcare providers could refrain from participation, in which case, the video was deleted.




Results

During the study period, 3,670 newborns were born at the hospital. There were 306 births registered with consent to participate, of which 195 births occurred in a delivery room or in the operating theatre with a thermal camera installed. We excluded 12 videos in which no mother gave birth. Among 183 videos including a birth, 144 (79%) newborns were delivered vaginally and 39 (21%) by caesarean section. Among the vaginal births, 5.5% of the mothers gave birth in a hands and knees position, 6.1% in a side-lying position, and the rest in the supine position. PPV was provided to 7 (3.8%) of the newborns after birth. The median (quartiles) gestational age was 40 (39, 40) weeks and the median (quartiles) birthweight was 3,565 (3,210, 3,910) g. The enrolment of patients is illustrated in Figure 4.
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FIGURE 4
Inclusion of study patients.


Birth was detectable in all 183 (100%) thermal videos. In 177 (97%) cases, the TOB was detected by direct identification of the newborn based on infrared radiation. In the remaining 6 (3%) videos, the TOB was identified by recognizable movements of healthcare providers or mothers indicating the newborn had been born.

Time of CC was detectable by thermal video in 173 of 183 (97%) newborns. CC was detectable in 98% (141/144) of vaginal births and 82% (32/39) of caesarean sections. Delayed CC after 60 s occurred in 76% (132/173) of births; of these, 95% (125/132) occurred in the delivery room and 5% (7/132) in the operating theatre. Early CC before 60 s occurred in six of seven newborns receiving PPV, and of these, three were caesarean sections. In the 10 thermal videos in which the time of CC could not be detected, three newborns were born vaginally and CC occurred beyond the duration of the video recording. The remaining seven cases were caesarean sections, in which humans or objects blocked the field of vision.

The absolute difference in time between manual registration in real-time and registrations from thermal videos is presented in Table 1. The absolute difference in registration of the TOB was 1.8 (0.7, 5.4) s. In 74% of births, the absolute difference in the TOB was <5 s, and in 89% of births the absolute difference in the TOB was <10 s.


TABLE 1 The absolute difference in seconds for the TOB and time of CC between thermal video annotation and manual registration in the labour room, operating theatre, and overall.

[image: Table 1]

Manual registration of CC was missing in 52 cases. Five videos had a missing time of CC in both the thermal video and manual registration, leaving a total of 126 cases available for comparison. The absolute difference in the registration time of CC was 18.3 (3.3, 108) s. Histograms of the absolute difference are shown in Figure 5.


[image: Figure 5]
FIGURE 5
Histograms showing the absolute difference between thermal video annotation and the manual registration of the TOB and time of CC.




Discussion

In this concept study, we demonstrated the feasibility of using thermal videos to identify key delivery room events and interventions. Even with a single thermal camera installed in the delivery room and different birthing positions, identifying the TOB and CC was technically feasible. The TOB and CC were visible in 100% and 97% of cases, respectively.

Accurate TOB registration is crucial as newborn resuscitative interventions are related to birth and actions are considered time-critical. In a study in a low-resource setting, the risk of newborn death or prolonged admission increased by 16% for every 30 s delay in the time to start ventilation after birth (22). Although the same correlation has been difficult to demonstrate in high-resource settings, resuscitation algorithms all start at the time when the newborns are born.

The precision of manual TOB registrations documented by nurse assistants was high in our setting, with a median of 1.8 s absolute difference between manual and video-based registrations. However, in 11% of births, there was more than a 10 s difference between manually registered TOBs and registrations from thermal videos, which suggests that alternate methods for detecting the TOB may improve the accuracy of documentation. It is possible that this technology could be further improved by employing AI to automatically detect the TOB on thermal videos; future studies will address this topic.

There was a larger variance in the precision of manual registrations for the time of CC. We speculate that this was caused by healthcare providers considering it less critical to register CC accurately, or that patient care required their attention. It was more difficult to detect the accurate time of CC in thermal videos from the operating theatre due to healthcare providers and objects blocking the view. In future studies, cameras should be placed more optimally in the ceiling above the operating field.

The use of thermal videos in the delivery room opens up the possibility of objectively evaluating the incidence, sequences, timing, and duration of obstetrical and newborn management. Thermal videos can be exploited to evaluate resuscitative interventions such as tactile stimulation of the newborn, palpation or auscultation of the newborn HR, suction of the airways, and maternal-newborn skin-to-skin time. Although optic video is increasingly used for research and quality improvement initiatives, thermal video has the vast advantage of protecting the privacy of patients and healthcare providers. Furthermore, using thermal videos to automatize data capture may allow healthcare providers to reallocate their attention from documenting resuscitation to supporting patient care.

Our research group is currently performing a study analysing heart rate responses to tactile stimulation immediately after birth using thermal videos and dry-electrode ECG technology. In future studies, the benefits of combining thermal videos and AI will be explored to develop a video-based system to automatically register timelines of resuscitation events from birth.

A limitation of the current study is the low inclusion rate among newborns born at the hospital, as recruitment was only performed when research assistants were available to take consent. Therefore, this study only reports on the technical feasibility of detecting the TOB and time of CC. Finally, caesarean births were somewhat overrepresented in our cohort.



Conclusion

Recognizing the TOB and CC from thermal videos is technically feasible and can accurately measure when critical delivery room events occur. By comparing the manual registration of the TOB and CC with thermal videos, we found a median absolute difference of 2 and 18 s, respectively. The use of thermal birth videos may facilitate more precise timelines of delivery room interventions during and after birth while upholding the privacy of patients and healthcare providers.
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