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Objective: The primary aim of this study was to compare non-invasive blood pressure (NIBP) measurement using the automated oscillometric method with invasive blood pressure (IBP) measurement using peripheral arterial line insertion in critically ill children receiving vasoactive agents.



Design: Single-centre, prospective cohort study.



Setting: Tertiary care 15 bedded Pediatric ICU in Urban Indian city.



Subjects: All critically ill children between the ages of 1 month to 16 years with shock on vasoactive medications and with IBP monitoring.



Results: Forty children with 1,072 paired BP measurements were incorporated in the final analysis. Among all normotensive children (Total number of paired measurements = 623) receiving vasoactive agents, Bland–Altman analysis revealed an acceptable agreement between Invasive mean blood pressure (MBP) and non-invasive MBP with a bias of −2.10 mmHg (SD 11.35). The 95% limits of agreement were from −24.34 to 20.14 mmHg. In children with hypotension (Total number of paired measurements = 449), Bland–Altman analysis showed disagreement between Invasive MBP and non-invasive MBP i.e., a bias of −8.44 mmHg (SD 9.62). The 95% limits of agreement were from −27.29 to 10.41 mmHg.



Conclusion: A limited agreement exists between invasive blood pressure (IBP) and non-invasive blood pressure (NIBP) measurements in critically ill children requiring vasoactive agents. This discrepancy can lead to either an underestimation or an overestimation of blood pressure. While NIBP can serve as a screening tool for hemodynamically stable children, those who are hemodynamically unstable and necessitate the initiation of vasoactive agents should undergo IBP monitoring.
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Introduction

Precise measurement of blood pressure (BP) holds significant importance when caring for critically ill children. The decision-making process for initiating, adjusting, or discontinuing vasoactive medications relies on various clinical parameters, with blood pressure being a particularly crucial determinant.

BP is measured in Pediatric Intensive Care Unit (PICU) commonly by two methods namely non-invasive measurements with a cuff by oscillometric technique (NIBP) or invasive blood pressure measurements (IBP) through an arterial catheter. Peripheral arterial canulas (PAC) are utilized for IBP monitoring and although errors related to movement artifacts and calibration of an arterial line are possible, IBP monitoring is regarded as the gold standard. However, PACs are not risk-free, and complications such as thrombosis, ischemia, local skin discoloration, and gangrene have been cited (1). Also, sometimes it may be hard to secure arterial access or the PAC may have to be taken out due to adverse effects. In such a scenario, clinicians have to rely on NIBP measurement. BP cuffs of different sizes are currently available for all pediatric age groups. The oscillometric method is most commonly used as it is user friendly.

Most of the studies do not show clear agreement or disagreement between NIBP and IBP in critically ill children admitted to PICU (1–3). Nevertheless, none of the studies conducted thus far have specifically analyzed the concordance between NIBP and IBP in critically ill children who require vasoactive agents.

Establishing a satisfactory agreement between NIBP and IBP can make it possible to manage critically ill children with shock using NIBP measurements. This can have important implications in a resource-limited setting.

The primary aim of this study was to compare NIBP measurement using automated oscillometric method with IBP measurement utilizing peripheral arterial cannulation in critically ill children receiving vasoactive agents.



Material and methods

The study was conducted in a tertiary care 15-bed PICU in urban India from 1st November 2021 till 30th November 2022. Informed written consent was taken from the parents. All critically ill children with IBP monitoring and receiving vasoactive agents between the ages of 1 month to 16 years were prospectively enrolled in the study. The study was approved by the institutional ethics committee (SRERC Protocol Submission no: SRERC/2021/TH/01 dated 04.02.2021 title: Comparison of Invasive blood pressure monitoring vs. non-invasive blood pressure monitoring in critically ill children receiving vasoactive agents—a prospective observational study”) was registered with the clinical trials registry of India (number CTRI/2021/10/037569). All the research procedures were per the ethical standards of the Surya Mother and Child Care Scientific Research and Ethical Review Committee and with the amended Helsinki Declaration of 1975.


Inclusion criteria

All critically ill children with shock needing vasoactive medications and have IBP monitoring.



Exclusion criteria

Children with contraindications to IBP monitoring such as injuries,burns or gangrene of extremities.

The indication for PAC was the need for vasoactive agents.

The radial artery was the preferred site for PAC. After cannulation of the artery, the line was connected to an extension tubing and transducer (Edward Lifesciences services GmbH, Germany) and Drager Vista 120 model multipara monitor (Draeger, Luebeck, Germany) for continuous blood pressure monitoring. The arterial waveform was continuously displayed on the monitor. The monitors underwent a biannual examination, and calibration was conducted annually by a biomedical engineer by the standards established by the National Accreditation Board for Hospitals.

Only in-house PICU consultants on call or the PICU fellow were privileged to put arterial lines. No medications, electrolytes, additional fluids, or blood products were administered through the line, it was used only to collect blood for blood gas analysis and routine laboratory studies.

The NIBP measurements were taken by the nurse attending to the child by using Drager Vista 120 model multipara monitor (Draeger Medical GMBH, Luebeck, Germany). The midarm circumference was measured and then the cuff size (NIBP cuff size, Draeger, Luebeck, Germany) was selected as per the manufacturers' recommendation. The width of the bladder of the cuff covered approximately 50% of the midarm circumference. NIBP measurements were obtained in the same limb as the peripheral arterial line.

In hypotensive children, NIBP and IBP measurements were documented before initiation of vasoactive agents and subsequently after each dosage adjustment, till the target BP was attained. Children on vasoactive agents and with stable BP underwent hourly recordings of IBP and NIBP. Initially, IBP readings were documented and later NIBP measurements were taken within one minute using the same monitor. These were termed paired measurements as they were taken within 1 minute interval of each other. Only a single NIBP measurement was taken to minimize discomfort. All measurements were preferably taken in a quiet resting state. Sedation or analgesia was not used in non-ventilated children, while it was used as per need utilizing the Richmond Agitation- Sedation scale in ventilated children (4).

The target invasive mean Blood pressure (mmHg) was ≥5th centile for age (defined as 40 + 1.5 × age in years). The vasoactive agents were titrated to this operational definition. Hypotension was defined as invasive mean blood pressure <5th centile for age (5).

A fixed protocol of starting vasoactive agents was followed and all patients with hypotension were started on epinephrine in a starting dose of 0.05 µg/kg/min and the dose was escalated every 15 min if the target blood pressure was not reached. If a patient was present in a pulse-less state, then the starting dose of epinephrine was 0.1 µg/kg/min. All patients initially were started on vasoactive agents through external jugular venous cannulation if available or a wide-bore peripheral cannula. Within an hour of starting vasoactive agents, a central venous catheter was inserted and vasoactive agents were administered through the same. After reaching a dose of 0.3 µg/kg/min of epinephrine if the target blood pressure was not reached, we added norepinephrine. The starting dose of norepinephrine was 0.05 µg/kg/min. If the need for norepinephrine exceeded 0.3 µg/kg/min, vasopressin was introduced. Hydrocortisone was added when the norepinephrine and epinephrine were at a dose of ≥0.3 µg/kg/min. Vasopressin was commenced at a dose of 0.0002 IU/kg/min. Milrinone was used in patients who had achieved normal blood pressure after initial vasopressors but still had low mixed venous saturation or abnormal perfusion (CFT > 2 s) in a starting dose of 0.33 µg/kg/min. The highest vasoactive inotrope score was noted at the time of data entry.

Our predefined criteria for an acceptable NIBP value was a difference of 5 mmHg or less when compared to IBP (6).

Prospective data collection was conducted until either the PAC was insitu or vasoactive agents were ceased. The information was systematically recorded using a predefined form and then entered into MS Excel software.



Primary outcome measure

Level of agreement between IBP and NIBP measurements.

The following comparisons were performed:


	1.Normotensive readings in children receiving vasoactive agents

	2.Hypotensive readings in children receiving vasoactive agents





Secondary outcome measures

Complications associated with PAC including thrombosis, ischemia, infection, bleeding, etc.



Sample size calculation

Differences in mean BP exceeding 5 mmHg are clinically significant in critically ill children and differences surpassing 10 mmHg are deemed as clinically unacceptable (6). To detect a difference of 5 mmHg between IBP and NIBP with a SD of difference of 5 mmHg, assuming an alpha of 0.05 and beta of 0.2 (power of 90%), using a two-sided paired t-test, we calculated a sample size of 32 patients. Assuming a 20% dropout rate, we chose a sample size of 40 patients.




Statistical analysis

Statistical analysis was conducted utilizing IBM SPSS 23 version (NY, USA: IBM corp). The agreement between IBP and NIBP was evaluated using Bland- Altman analysis. We calculated agreement (bias, mean difference) and precision (1.96 SD of the difference) corresponding to the 95% limits of agreement. This provides an interval within which 95% of the differences between measurements by the two methods are expected to lie.



Results

During the study period, 575 children were admitted to PICU. Out of 575 children admitted, 104 children had features suggestive of shock. Of these forty children were eligible for the study (Details in the study flow chart) (Figure 1). Clinical characteristics of enrolled children have been tabulated (Table 1). The Median (IQR) age of enrolled children was 5 (4, 8) years. The male-to-female ratio was almost 1:1. The right radial artery was cannulated in a majority of the cases [34(85%)]. Sepsis and Multisystemic Inflammatory Syndrome-Children were the most common causes of shock. Median (IQR) Vasoactive-Inotropic score (VIS) and Paediatric Index of Mortality (PIM2) score were [34.5 (20, 58.6) and 2.25 (−4.5, 13.6)].
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FIGURE 1
Study flow chart, (PICU, paediatric intensive care unit; PAC, peripheral arterial line).



TABLE 1 Clinical characteristics of enrolled children.
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Among all normotensive children (Total number of paired measurements = 623) receiving vasoactive agents, Bland–Altman analysis revealed an acceptable agreement between Invasive mean blood pressure (MBP) and non-invasive mean blood pressure MBP with a bias of −2.10 mmHg (SD 11.35) (Figure 2). The 95% limits of agreement were from −24.34 to 20.14 mmHg. Also, for normotensive children receiving vasoactive agents, Bland–Altman analysis for agreement between Invasive systolic blood pressure (SBP) and non-invasive SBP showed an acceptable bias of −2.52 mmHg (SD 15.08). The 95% limits of agreement were from −32.07 to 27.03 mmHg. On the other hand, in children with hypotension (Total number of paired measurements = 449), Bland–Altman analysis showed disagreement between Invasive MBP and non-invasive MBP i.e., a bias of −8.44 mmHg (SD 9.62). The 95% limits of agreement were from −27.29 to 10.41 mmHg (Figure 3). The Bland Altman analysis on enrolled children in both normotensive as well as hypotensive group is shown in Table 2.


[image: Figure 2]
FIGURE 2
Bland-Altman plots showing agreements between invasive MBP and non-invasive MBP measurements in normotensive patients (623 paired measurements). Bias: −2.10 (SD 11.35). Limits of agreement −24.34 to 20.14 mmHg.
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FIGURE 3
Bland-Altman plots showing disagreements between invasive MBP and non-invasive MBP measurements in hypotensive patients (449 paired measurements). Bias: −8.44 (9.62). Limits of agreement −27.29 to 10.41 mmHg.



TABLE 2 Bland Altman analysis on enrolled children.

[image: Table 2]



Discussion

In our study, we observed a substantial variation in the 95% limits of agreement between IBP and NIBP resulting in potential overestimation or underestimation of blood pressure. But certain interesting observations were noted. In the subgroup of children who were normotensive but receiving vasoactive agents, the bias between invasive blood pressure (systolic and mean) and non-invasive systolic blood pressure (systolic and mean) was within our pre-decided acceptable limits of 5 mm Hg. Hypotensive children receiving vasoactive agents exhibited a bias of more than 5 mmHg between invasive and non-invasive blood pressure readings. The limits of the agreement were also wide. The bias was more pronounced for systolic BP measurements as compared to mean BP measurements.

In PICU, where critically sick children are being managed, blood pressure remains one of the important parameters to decide to start the vasoactive agents and titrate them to achieve the endpoints. Certainly, blood pressure (BP) assessment needs to be considered alongside other parameters, including heart rate, capillary refill time, functional echocardiography, etc.

Relying excessively on NIBP for decisions regarding vasoactive drug management may pose challenges due to its weak correlation with IBP.

The bias that has come up as a result of our study could be due to erroneous NIBP readings or erroneous IBP readings. While considered the gold standard, there is a possibility that IBP measurements may not always be fully reliable. Moreover, the use of a small-diameter catheter in narrow vessels may result in inaccurate systolic blood pressure readings (7). Technical factors such as the presence of air bubbles, zeroing, and damping can contribute to inaccuracies in IBP measurements. The nurses were taught to monitor and troubleshoot for air bubbles, damping, and kinking while handling PAC. Minor kinks underneath the tape may go unnoticed. Such errors are unlikely to be common and introduce a systematic bias in the findings. Thus, a comparison of MAP was conducted across various subgroups, given that it remains unaffected by damping. The NIBP measurements were obtained in a state of rest and quiet, interpretation of this state can vary among the nurses. A single measurement was taken to avoid discomfort to the sick child. Studies have shown that repeating up to 3 measurements improves the accuracy with the 2nd or 3rd reading being more accurate (8).

We ensured that the correct size NIBP cuff was used after measurement of midarm circumference. These NIBP cuffs have a range of around 4 cm. The cuff bladder may cover more than 50% of mid-arm circumference at the lower range of mid-arm circumference inspite of being technically correct for the child. However, it is practically impossible to have one NIBP cuff matching to a single mid-arm circumference.

The oscillometric technique for NIBP relies on the concept that pulsatile blood flow induces oscillations in the arterial wall which are then transmitted to the cuff. The point of maximum oscillations corresponds to MAP while SBP and DBP are derived from a predetermined algorithm that varies among devices. Given its higher accuracy compared to the other two measures, it is more rational to compare MAP using both IBP and NIBP. Our study found a lower bias between invasive MAP and non-invasive MAP compared to systolic pressures.

Joffe et al. evaluated the use of invasive and non-invasive blood pressure in 100 critically ill children (147 arterial lines and readings) and found poor agreement between invasive and non-invasive BP measurements (2). The majority of the cohort was post-cardiovascular patients, while sepsis was the major diagnosis in our cohort. Krishna et al. compared invasive blood pressure vs. non-invasive blood pressure by oscillometric method in 50 critically ill children (100 readings) and noted that NIBP underestimates systolic BP and overestimates diastolic BP (9). The bias was less for mean BP but still not clinically acceptable. Additionally, the number of readings was much smaller in both studies.

The strengths of our study include a large number of readings in a homogenous cohort of children with shock and on vasoactive agents rendering it the most extensive study, to the best of our knowledge, in examining such a cohort. Secondly, NIBP obtained in our study was taken from the same limb as that of IBP thereby eliminating the potential bias of measuring BP along different arterial vasculature.

One potential limitation is that this was conducted at a single center, and there is a possibility that despite the application of standard precautions, the NIBP and IBP measurements could be vulnerable to ordinary human errors. There might be factors beyond the device and patient that could influence the level of agreement which we were unable to assess. However, our pragmatic approach mirrors the routine clinical situation in any PICU.

We acknowledge that it is neither feasible nor practical to perform IBP monitoring in all sick children and we need to rely on NIBP measurements. In situations where there are concerns about the hemodynamic status and NIBP values, it is advisable to prioritize IBP monitoring. The decision to initiate and titrate vasoactive agents should be made accordingly.

Furthermore, it is advisable to depend on repeated IBP/NIBP measurements in conjunction with other clinical findings before initiating vasoactive agents. We should rely more on MBP as the primary value since it is the sole measured value in the NIBP technique and is also subject to less variation in the IBP technique. In the future, emerging techniques in NIBP measurement, incorporating machine learning, pulse waveform contour analysis, and algorithm-based blood pressure sensors, could hold promise and enhance accuracy (9, 10).

An apprehension regarding the utilization of PAC is the potential occurrence of complications. However, the occurrence of major complications in our study was infrequent. PACs were electively removed in 47.5% of children while in 40%, the lines had to be removed due to damping. The most frequent complications seen with PAC were inability of the line to bleed back and trace dampening. No untoward effects were observed following the removal of these lines. Severe complications like discolouration of digits, blanching of the skin, or bleeding occurred in 5 (12.5%) children.Blanching and discoloration resolved following the removal of the arterial line and warming of the contralateral limb, while the bleeding ceased after the application of local pressure. No long-term consequences were noted till discharge from the hospital. Similar rates of complications have been reported by other studies (11, 12).



Conclusions

In critically ill children requiring vasoactive agents, there is a limited level of agreement between IBP and NIBP measurements, resulting in potential overestimation or underestimation of blood pressure. The observed bias was lower for mean blood pressure measurements compared to systolic BP measurements and for normotensive cases compared to hypotensive cases. While NIBP may function as a screening method for hemodynamically stable children, those who are hemodynamically unstable and require initiation of vasoactive agents should undergo IBP monitoring. Newer non-invasive methods should be explored where securing a PAC may not be feasible to monitor and manage children receiving vasoactive agents.



Data availability statement

The datasets used and or analysed during the study are available from the corresponding author on reasonable request.



Ethics statement

The studies involving humans were approved by Surya Mother and Child Care Scientific Research and Ethical Review Committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

SS: Conceptualization, Software, Writing – original draft. AK: Conceptualization, Data curation, Methodology, Supervision, Writing – review & editing. RN: Project administration, Resources, Writing – review & editing. AT: Methodology, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgment

We would like to acknowledge the hard work of the nursing team. They diligently measured the blood pressure and documented it in the given Performa.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Holt TR, Withington DE, Mitchell E. Which pressure to believe? A comparison of direct arterial with indirect blood pressure measurement techniques in the pediatric intensive care unit. Pediatr Crit Care Med. (2011) 12:391–4. doi: 10.1097/PCC.0b013e3182230f43

2. Joffe R, Duff J, Garcia Guerra G, Pugh J, Joffe AR. The accuracy of blood pressure measured by arterial line and non-invasive cuff in critically ill children. Crit Care. (2016) 20:177–81. doi: 10.1186/s13054-016-1354-x

3. Umapathi KK, Mhanna MJ. Correlation between invasive and noninvasive blood pressure measurements in extremely low gestational age newborns. Am J Perinatol. (2020) 37:548–52. doi: 10.1055/s-0039-1683981

4. Smith HAB, Besunder JB, Betters KA, Johnson PN, Srinivasan V, Stormorken A, et al. 2022 society of critical care medicine clinical practice guidelines on prevention and management of pain, agitation, neuromuscular blockade, and delirium in critically ill pediatric patients with consideration of the ICU environment and early mobility. Pediatr Crit Care Med. (2022) 23:74–110. doi: 10.1097/PCC.0000000000002873

5. Schlapbach LJ, Watson RS, Sorce LR, Argent AC, Menon K, Hall MK, et al. International consensus criteria for pediatric sepsis and septic shock. JAMA. (2024) 331:665–74. doi: 10.1001/jama.2024.0179

6. Dionne JM, Bremner SA, Baygani SK, Batton B, Ergenekon E, Bhatt-Mehta V, et al. Method of blood pressure measurement in neonates and infants: a systematic review and analysis. J Pediatr. (2020) 221:23–31. doi: 10.1016/j.jpeds.2020.02.072

7. O'Rourke MF. What is blood pressure ? Am J Hypertens. (1990) 3:803–10. doi: 10.1093/ajh/3.10.803

8. Flynn JT, Falkner BE. New clinical practice guideline for the management of high blood pressure in children and adolescents. Hypertension. (2017) 70:683–6. doi: 10.1161/HYPERTENSIONAHA.117.10050

9. Krishna BV, Das S, Sen S. Correlation between blood pressure measurement by non-invasive and invasive methods in critically-ill children. Indian Pediatr. (2018) 55:297–300. doi: 10.1007/s13312-018-1271-y

10. Quan X, Liu J, Roxlo T, Siddharth S, Leong W, Muir A, et al. Advances in non-invasive blood pressure monitoring. Sensors. (2021) 21:1–20. doi: 10.1109/JSEN.2021.3109763

11. Hebal F, Sparks HT, Rychlik KL, Bone M, Tran S, Barsness KA. Pediatric arterial catheters: complications and associated risk factors. J Pediatr Surg. (2018) 53:794–7. doi: 10.1016/j.jpedsurg.2017.08.057

12. King MA, Garrison MM, Vavilala MS, Zimmerman JJ, Rivara FP. Complications associated with arterial catheterization in children. Pediatr Crit Care Med. (2008) 9:367–71. doi: 10.1097/PCC.0b013e318172d94f



OPS/images/fped-12-1376327-g003.jpg
10.41 mmHg (+1.96 SD)

-27.29 mmHg (-1.96 SD)

Bias -8.44 mmHg

oo

8000

6000

o
o

2000

2000

1y
B

-s000-{

@ousIayp

mean

SHWW JgIN dNISeAU] UON - dEIN SNISeAU]

| Invasive MBP + Non invasive MBP/2 mmHg |






OPS/images/fped-12-1376327-g001.jpg
Number of admissions in PICU (n = 575)
Number of children in shock = (n=104)

Not eligible (n=49)

e Arm injuries/oedema = 6

e arthythmias = 2

 high risk of intravascular
thrombosis= 5

® Referred and received vasoactive
agents for> 24 hrs= 36

Number of Children with PAC assessed for
eligibility (n= 55)

Excluded from study (n=15)

*No proper tracing after insertion of
PAC=12

*PAC removed within 4 hours due
to complications = 3

Number of children analysed (n=40)
1072 BP pairs were analysed
Normotensive readings (n= 623)

Hypotensive readings (n=449)






OPS/images/fped-12-1376327-g002.jpg
| Invasive MBP - Non invasive MBP mmHg

difference

20.14 mmHg (+1.96 SD)
Bias -2.10 mmHg

-24.34 mmHg (-1.96 SD)

Invasive MBP + Non invasive MBP/2 mmHg






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparison of invasive blood pressure monitoring vs. non-invasive blood pressure monitoring in critically ill children receiving vasoactive agents—a prospective observational study

		Introduction



		Material and methods



		Inclusion criteria



		Exclusion criteria



		Primary outcome measure



		Secondary outcome measures



		Sample size calculation











		Statistical analysis



		Results



		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgment



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Comparison of invasive blood pressure
monitoring vs. non-invasive blood
pressure monitoring in critically ill

children receiving vasoactive agents—a
prospective observational study





OPS/images/fped-12-1376327-t001.jpg
Total number of children studied (n
Age in years (median, IQR)

4(58)

Male [n (%)]

12 (522)

Weight in kilograms (Median, IQR)

20 (12, 28)

Right Radial arterial cannulation [ (%)]

34 (85%)

Left Radial arterial cannulation [ (%)]

6 (15%)

“Total number of paired measurements ()

1,072

Duration of a peripheral arterial line, (mean, SD), hours

3016 + 1605

Vasoactive-Inotropic Score (VIS) (Median, IQR)

345 (20, 586)

Pediatric index of mortality (PIM) 2 Score (Median, IQR)

225(-4.5, 13.6)

Diagnosis

Septic shock

18 (45%)

Multisystemic inflammatory syndrome —children

8 (20%)

Dengue shock

12 (30%)

1(2:5%)

Others

1(25%)

Reason for removal of PAC (n, %)

Elective removal due to lack of need

19 (47.5%)

Does not bleed back or dampening of tracing

16 (40%)

Non elective removal due to complication

5 (12.5%)

Complications (n, %)

5 (12.5%)

Blanching of skin

Local swelling

Leakage or bleeding around insertion site

Accidental dislodgement

D on of digits

Local infection






OPS/images/fped-12-1376327-t002.jpg
Normotensive readings in
children receiving vasoactive
agents

Invasive MBP vs.
noninvasive MBP

Bias (SD)
in mmHg

—2.1(11.35)

95% limits of
agreement
(mmHg)
—2434 10 20.14

Number of paired
measurements

Invasive BP in
mmHg (median,
1QR)

62 (57-69)

Non invasive BP in
mmHg (median,
IQR)

64 (58-71)

Invasive SBP vs.
noninvasive SBP

=252 (15.08)

~3207 to 27.03

94 (86-102)

95 (88-103)

Hypotensive readings in
children receiving vasoactive
agents

Invasive MBP vs.
non invasive MBP

—8.44 (9.62)

~27.29 to 1041

52 (43-59)

59 (51-66)

Invasive SBP vs.
noninvasive SBP

-1238
(14.86)

—41.50 to 1674

80 (65-90)

91 (77-98)










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





