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	[bookmark: _Hlk54105970]Challenge
	While remote prenatal care programs incorporating technology offer convenience and personalization and may allow patients to participate more actively in their health care, the current published data in this area are sparse. While some evidence suggests such programs may improve patient satisfaction and outcomes, one area that remains uncertain is the interaction between hybrid care models, especially those that incorporate remote digitally-enabled technologies, and health care disparities associated with social and structural determinants of health. We aim to provide valuable information on who is engaging with the KPCPC hybrid virtual care model and will inform plans to implement a remote model of prenatal care in clinical practice. 

	Existing Evidence
	The care of pregnant women underwent great changes during the COVID-19 pandemic, with rapid shifts to incorporate telehealth and reduce in-person visits at many obstetric care institutions.2 KPNC adapted to this challenge by implementing changes in perinatal health care including increased use of telemedicine (telephone and video visits and sporadic home self-monitoring of weight, blood pressure, fundal height, depression and anxiety questionnaires, and virtual health education classes and breastfeeding support) while keeping in-person visits for essential prenatal care assessments.

KPNC launched a pilot of a new model of remote care called “KP Connected Pregnancy Care” (KPCPC), an opt-in hybrid in-person and virtual care model using systematic distribution of digital tools (Bluetooth-enabled weight scale and blood pressure monitor, doppler device and a remote monitoring app) to expand remote patient monitoring and virtual visits for low-risk prenatal care patients. The launch of this pilot program provides a critical opportunity to evaluate patient uptake of KPCPC and its association with utilization, perinatal outcomes and patient satisfaction with care.


	Target Population
	Low-risk prenatal care patients at Kaiser Permanente Northern California

	Intervention or Exposure
	Participation in the KP Connected Pregnancy Care Program 

	Outcomes/Key Findings
	Aim 1: 

We identified 589 pregnant patients with linked pregnancy episodes who were offered the KPCPC program between 7/8/2022 and 2/14/2024 by integrating clinician use of a smart phrase with enrollment initiation records in the RPM (Remote patient monitoring) database. Among the 589 patients, 326 enrolled in the program, while 263 did not, the enrollment rate was about 55%. Among the 326 enrolled patients, 80% of them continued participating in the program until the end of the program, while 20% were unenrolled after joining for various reasons: 21 (6.4%) due to developing high-risk conditions and transferring to RPSC, 13 (4%) due to noncompliance, 5 (1.5%) due to pregnancy loss, and 25 (7.7%) for other unspecified reasons.  (Figure 1)

We collected information on patient demographics and antenatal care factors related to program offering and participation from the EHR and KPNC Perinatal Research Unit Obstetrics database. Among the 589 patients offered the program, the mean age was 32 years, 28.8% were under 30, 43.5% were between 30 and 34, 23.9% were between 35 and 39, and 3.7% were over 40. The mean pregnancy BMI is 26.5 and the majority of enrollees were Asian (48.7%), followed by Hispanic (29.2%) and White (14.6%), with only a small proportion of Black patients (2.5%) enrolling in the program. 39.2% were nulliparous; 6.5% needed an interpreter; 17.1% lived in the most deprived neighborhood and 10.2% had Medi-Cal insurance;  the majority (74.4%) were offered the program in the 1st trimester, with a mean gestational age of 14.1 weeks at the time of offering; 45.2% of patients received the majority of their antenatal care in Fremont (FRE), 34.5% in San Leandro (SLN), and 17.3% in Union City (UNC) (Table 1 and Table 2).
      
We compared patient demographic factors associated with program participation.  Enrolled patients were more likely to be between 30 and 39 years old and less likely to be under 30 or above 40; were less likely to be obese; were more likely to be Asian and White, and less likely to be Hispanic; and were less likely to require an interpreter, when compared to unenrolled patients. (Table 1) 
  
We compared prenatal care factors associated with program participation. We found that the gestational week at which the program was offered and the facility where patients received the majority of their antenatal care were significantly associated with program participation. Patients were more likely to enroll when the program was offered in the second trimester and less likely to enroll when offered in the first and third trimester. Additionally, patients receiving care in Union city (UNC) were more likely to enroll in the program. (Table 2)

We also examined patient demographic and prenatal care factors associated with continuation with the program. We found that Asian and White patients were more likely to continue with the program after enrollment while Black and Hispanic patients were more likely to unenroll due to various reasons. (Table 3). We also found patients who received majority of their antenatal care in San Leandro (SLN) were more likely to continue with the program after enrollment while patients in Fremont (FRE) were more likely to unenroll due to various reasons. (Table 4)

As part of Aim 1, we also conducted key informant interviews with 5 clinicians and 16 patients (5 informant interviews with patients who were offered and enrolled in the care pathway but did not continue, 5 patients who were offered KPCPC but did not enroll, and 6 patients who were offered it and continued through delivery). 

Lessons learned from clinician interviews:
All clinicians mentioned they had high hopes for the program when they first heard about it. The challenges they experienced with implementation were that nurses or MAs were scheduling the wrong appointments (for instance, the visit should have been virtual, but it was scheduled as an in-person one); patients not taking their vitals at home before their in-person visits like they were asked to do; and they had different patient populations sign up for the study than they expected. Clinicians expected the program to help low-income patient populations by giving them tools that they wouldn’t have otherwise because they couldn’t afford them, but the patients who enrolled were usually tech-savvy, remote workers. They also thought patients who had two jobs and multiple kids would be interested in the program, but most patients who enrolled did not fit that description. The main issue all clinicians mentioned was the fetal doppler. It was difficult for patients to learn how to use it and it caused anxiety when they couldn’t find the heartbeat. It could have been because the program starts at 16 weeks and the baby’s heartbeat is difficult to hear via doppler until 22-24 weeks. Some clinicians also mentioned the frustrations from the scale un-syncing after a certain amount of time. This caused frustrating technology issues for the patients, and they needed more help troubleshooting. 

Lessons learned from patient interviews:
The main reason the hybrid care model was appealing was due to the convenience and ability to take vitals at home. Patients who stayed in the study until delivery felt like they played a role in their health care, and it was empowering. Some patients mentioned the tools being easy to use, while others mentioned they had to re-sync the devices often, which was frustrating. For patients to stay in the study until delivery, the technology needs to be user-friendly, and patients must feel confident in taking their own vitals. The main reason patients dropped out of the program was because they didn’t feel confident they were taking their vitals/the baby’s heartbeat correctly. Patients also dropped out of the program because they didn’t know they would need to use the tools during the virtual visits. They thought they could complete the visits conveniently from work. The main reason patients didn’t enroll in the study was due to a history of pregnancy loss. Patients who joined the program and later withdrew cited experiencing prenatal complications such as hypertension, pre-eclampsia, and iron transfusions after joining as reasons for discontinuing. Patients also thought that all prenatal visits were long and that many of them had ultrasounds. If they had known there were going to be many visits <15 minutes, they would have joined the program. There needs to be clearer explanations to patients up front on what they can expect from both in-person and virtual visits. 

Some patients mentioned that clinicians would have them take their vitals during the virtual visits, and some mentioned that they could take them on their own the morning of, then do the call from work because the clinician could see the numbers in their chart. There also seemed to be confusion around patients taking their own vitals before in-person visits. Some clinicians encouraged patients to take their own vitals at home before in-person visits, while other patients were told they could do this, but then had to take them again during the appointment because the MAs didn’t understand the KPCPC program. 

Aim 2: 

We followed up with all the 589 patients who were offered the KPCPC program until the end of their pregnancies and collected information on pregnancy outcomes and care utilization from EHR and KPNC Perinatal Research Unit Obstetrics database. The last patient in the cohort delivered on 8/28/2024. Among the 326 patients who enrolled in the program, 321 (98.5%) had a livebirth, 3 (0.9%) experienced a spontaneous abortion, 2 (0.6%) had a therapeutic abortion, there were no stillbirths. There was no statistically significant difference in pregnancy outcomes between enrolled and unenrolled patients. (Table 5)

Among the 321 enrolled patients who had a live birth, the mean gestational age at delivery was 38.9 weeks, compared to 38.7 weeks among the non-enrolled patients; 14 (4.4%) had a preterm birth, compared to 7.4% among the non-enrolled patients;  65 (20.2%) had a cesarean delivery, compared to 22.5% among the non-enrolled patients; 98 (38.6%) underwent labor induction,  compared to 44.8% among the non-enrolled patients; and 23 (7.2%) had NICU admissions, compared to 8.5% among the non-enrolled patients. The average delivery hospital stay was 2.4 days among enrolled patients, compared to 2.6 days among the non-enrolled patients.   (Table 5) Although the limited sample size and self-selection does not allow for adequate statistical analysis of the association between KPCPC enrollment and perinatal outcomes, no safety signals were observed (Table 5).

In terms of care utilization, enrolled patients had an average of 6.7 antenatal office visits, which was significantly lower than the 7.6 visits among the unenrolled patients. The average number of antenatal telephone visits were 1.6 for enrolled patients and 1.9 for unenrolled patients, and the average number of antenatal hospitalizations was 1.1 for enrolled patients and 1.2 for unenrolled patients, with no statistically significant difference (Table 6).

Aim 3: 

We conducted a survey of eligible patients (n=255 enrolled patient, n=203 unenrolled patients) who were offered the program and had completed their pregnancy at the time of the survey invitation. 169 enrolled patients completed the survey (recruitment rate=67.3%), and 120 unenrolled patients completed the survey (recruitment rate=62.5%). (Figure 1) 

Among 73 respondents who stated they did not join the program, the primary reason for not joining the program was preference for in-person visits over remote visits (68.5%), followed by concerns about not receiving the best care without in-person visits (45.2%). Additionally, 17.8% because a lack of time to commit to the program, 8.2% were not comfortable with technology, and 6.9% lack of interest. (Table 7)

Among 185 respondents who stated they joined the program, 87% think it is good for patients to have remote access to prenatal visits. (Table 8).  Among 152 respondents who stated they continued participating in the program until the end of the program, the primary reason for continuation with the program was the convenience versus going in for in-person office visits  (84.2%), followed by time savings (73.7%),  liked the technology (46.1%), and found the program information to be helpful (27.0%).  (Table 9).  Among 32 respondents who stated they withdrew after joining, the primary reason for withdrawal was preference for in-person visits over remote visits (62.5%), followed by worried not being able to get the best care without in-person visits (34.4%). 21.9% reported technology issues as a reason for withdrawal. (Table 10) 

We evaluated patient satisfaction with prenatal care using the Quality of Prenatal Care Questionnaire (QPCQ). The QPCQ consists of 46 items which can be grouped into six key factors of quality of prenatal care. We computed the mean score for each key factor of the QPCQ and the Total mean score for the QPCQ with a higher score on the Total or factor mean score indicating higher quality of prenatal care. The enrolled patients had an overall mean QPCQ score of 4.2, with a mean score of 4.4 for Information Sharing, 4.0 for Anticipatory Guidance, 3.9 for Sufficient Time, 4.0 for Approachability, 4.1 for Availability, and 4.3 for Support and Respect. There was no statistically significant difference in QPCQ scores between enrolled and unenrolled patients, which suggests similar levels of satisfaction with prenatal care between them.  (Table 11)

We evaluated patient utilization and satisfaction with telehealth (uses video or phone visits) during pregnancy in the survey. 90.5% of enrolled patients reported attending telehealth visits during pregnancy, significantly higher than the 53.3% of unenrolled patients. Enrolled patients also reported a higher number of telehealth visits, with 52.3% using telehealth 3-4 times compared to 25% of unenrolled patients, 14.4% using telehealth 5-10 times compared to 4.7% of unenrolled patients. (Table 12) This suggests program enrollment has encouraged patients to utilize telehealth services more frequently, potentially improving access and engagement in virtual prenatal care. 

Enrolled patients also reported higher satisfaction than unenrolled patients across all 10 questions assessing various aspects of telehealth experience. 38.6% of enrolled patients reported agreeing entirely that they are satisfied with Kaiser Permanente's telehealth visits overall, compared to 25% of unenrolled patients. (Table 13) The results suggest that program enrollment was significantly associated with enhancement of patient satisfaction with Kaiser’s telehealth visits. 



	Resulting Action/Change
	Drs. Greenberg and Hedderson will disseminate feedback and findings from this study to key stakeholders at Kaiser Permanente Northern California for implementation in future rollouts and remote monitoring studies. We will also review results with the Interregional KP Remote Patient Monitoring Steering Committee.

	Additional Recommendations
	N/A

	Implementation Tools	
	N/A

	Implementation Measurement
	N/A



