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Abstract

Introduction: Existing diagnostics for polytrauma patients continue to rely on non-invasive
monitoring techniques with limited sensitivity and specificity for critically unwell patients.
Lactate is a known diagnostic and prognostic marker used in infection and trauma and has
been associated with mortality, need for surgery, and organ dysfunction. Point-of-care
(POC) testing allows for the periodic assessment of lactate levels; however, there is an
associated expense and equipment burden associated with repeated sampling, with limited
feasibility in prehospital care. Subcutaneous lactate monitoring has the potential to provide
a dynamic assessment of physiological lactate levels and utilize these trends to guide
management and response to given treatments.

Study Objective: The aim of this study was to appraise the current literature on dynamic
subcutaneous continuous lactate monitoring (SCLM) in adult trauma patients and its use in
lactate-guided therapy in the prehospital environment.

Methods: The systematic review was conducted in accordance with the PRISMA
guidelines and registered with PROSPERO. Searched databases included PubMed,
EMBASE via Ovid SP, Cochrane Library, and Web of Science. Databases were searched
from inception to March 29, 2022. Relevant manuscripts were further scrutinized for
reference citations to interrogate the fullness of the adjacent literature.

Results: Searches returned 600 studies, including 551 unique manuscripts. Following title
and abstract screening, 14 manuscripts met the threshold for full-text sourcing. Subsequent
to the scrutiny of all 14 manuscripts, none fully met the specified eligibility criteria.
Following careful examination, no article was found to cover the exact area of scientific
inquiry due to disparity in technological or environmental characteristics.

Conclusion: Little is known about the utility of dynamic subcutaneous lactate monitoring,
and this review highlights a clear gap in current literature. Novel subcutaneous lactate
monitors are in development, and the literature describing the prototype experimentation
has been summarized. These studies demonstrate device accuracy, which shows a close
correlation with venous lactate while providing dynamic readings without significant lag
times. Their availability and cost remain barriers to implementation at present. This
represents a clear target for future feasibility studies to be conducted into the clinical use of
dynamic subcutaneous lactate monitoring in trauma and resuscitation.

Scriven JW, Battaloglu E. The effectiveness of prehospital subcutaneous continuous
lactate monitoring in adult trauma: a systematic review. Prebosp Disaster Med.
2024;39(1):78-84.

Introduction
Trauma is a leading cause of death and morbidity world-wide. Most deaths tend to occur
within 48 hours of injury, with hemorrhage being a significant cause.!™> However, major
trauma is no longer only a condition of the young, as trauma in the elderly population is on
the rise.* More than five million people die each year due to their injuries, accounting for
nine percent of deaths world-wide.’ In England alone, there are an estimated 20,000 major
trauma cases each year, with 5,400 subsequent deaths.® Early prehospital interventions are a
current research focus, particularly on the use of biomarkers. One of those biomarkers is
lactate.

Lactate is a known diagnostic and prognostic marker used in infection, trauma, and
out-of-hospital cardiac arrest.” 1 It has been associated with increased mortality, surgery

requirement, and organ dysfunction.!? The Advanced Trauma Life Support (ATLS)
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course teaches four shock classes to diagnose and manage
hypovolemic shock, which utilize estimated blood loss and patient
vital signs, such as blood pressure, heart rate, respiratory rate, as
well as urine output and mental status.!* However, questions have
been raised over its value in the initial diagnosis and management of
shock. 1% Vital signs are known to respond late to intervention and
a change in clinical stability, particularly in acute hemorrhage, and
may not accurately reflect the patient’s current hemodynamic
status, 1L1416:17

Serum lactate concentration has been correlated with the
presence of shock, and trend increases in prehospital lactate have
been strongly associated with the need for prehospital life-saving
interventions.!®2 Lactate clearance (through serial lactate mea-
surement) can provide data on the adequacy of initial resuscitation
in trauma and aid in prognostication.”??? Serial lactate
measurement enables monitoring of the response to administered
prehospital therapy and has been evidenced to increase survival in
the intensive care setting.”>® The use of point-of-care (POC)
testing in both the prehospital and in-hospital environment allows
for this periodic assessment of lactate; however, there is an
associated expense and labor requirement for repeated sampling.
The introduction of subcutaneous continuous lactate monitoring
(SCLM) would provide a constant and consistent opportunity to
monitor and utilize the telemetry trend to guide management.

The National Institute for Health and Care Excellence
(NICE; London, United Kingdom) has published research
recommendation NG39/2, which aims to determine the clinical
and cost-effectiveness of lactate monitoring in major trauma, and
highlights the need for additional research.?” This systematic
review aims to summarize and appraise the current literature
related to the use of SCLM in trauma patients in the prehospital
environment. The review findings will then focus the future
research proposals in this innovative area.

Study Question

The primary question in this study was: “Is prehospital subcuta-
neous continuous lactate monitoring in adult trauma patients
clinically and cost-effective compared to the standard methods of
guiding resuscitation?”

Methodology

This systematic review has been devised and conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines.?®
The protocol for this systematic review was registered with
PROSPERO (University of York; York, United Kingdom;
CRD42022320900). An error was made in the initially uploaded
protocol. In the uploaded document, the PubMed (National
Center for Biotechnology Information, National Institutes of
Health; Bethesda, Maryland USA) search strategy contained the
terms “pre hospital” and “out of hospital” twice. One of each term
was initially missing the hyphen. Hyphens were added and
corrected before the search was run. The updated document
uploaded to PROSPERO and indexed in this manuscript indicates

the true search strategy.

PICO Statement

The population investigated were adult patients (> 16 years old)
experiencing a traumatic injury and undergoing prehospital
resuscitation. The intervention of interest was dynamic SCLM,
facilitating lactate-guided resuscitation. The comparator group
were those undergoing alternative methods of guided resuscitation.

Outcomes were based on mortality, length of hospital and critical
care stay, and the quantity and type of resuscitation fluids and blood
products received.

Eligibility Criteria

All criteria were agreed upon before beginning data collection.
Manuscripts detailing the use of subcutaneous lactate monitoring
in the prehospital environment in adult (> 16 years old) trauma
patients were eligible. Eligible manuscripts had to show evidence
of dynamic monitoring being utilized for goal-directed therapy.
A prior scoping review revealed evidence of limited studies, so all
study types were included. No date requirements were set. Animal
and non-human studies, manuscripts where the full text could not
be sourced, and non-English language manuscripts were
excluded.

Data Sources and Search Strategy

Searched databases included PubMed, EMBASE via Ovid SP
(Elsevier; Amsterdam, Netherlands), Cochrane Library (Wiley;
Hoboken, New Jersey USA), and Web of Science (Clarivate
Analytics; London, United Kingdom). Search terms included
MeSH and tiab terms with keywords including “trauma,” “injury,”
“continuous lactate,” “subcutaneous lactate,” “dynamic lactate,”
“pre-hospital,” “prehospital,” “pre hospital,” “out-of-hospital,” and
“out of hospital.” Table 1 demonstrates the complete search
strategy for each database. All databases were searched from
inception, with restrictions to include only English-language
publications. The final search was carried out on March 29, 2022.
The references of all relevant manuscripts were also screened to
detect any other appropriate publications.

Data Selection

Search results were combined using EndNote (Clarivate Analytics;
Philadelphia, Pennsylvania USA) and duplicates were removed.
All unique manuscripts were uploaded to the Rayyan interface,?’
and titles and abstracts were obtained for each manuscript. One
author (JS) initially screened all the titles and abstracts according to
the proposed eligibility criteria and irrelevant or incomplete results
were removed. The second author (EB) then independently
verified the screened manuscripts.

The full text was sourced for all manuscripts consistent with the
eligibility criteria or where further reading was needed before a
decision could be made. Each full-text manuscript was assessed
against the complete inclusion and exclusion criteria by one author
(JS) and a decision was made. A second author (EB) independently
verified the study selection process. The authors maintained
contact throughout, and no disagreements were made following
the screening process. For excluded articles, a rationale for
exclusion was recorded (Table 2).

Data Extraction

The authors planned to extract all required data into a Microsoft
Excel spreadsheet  (Microsoft Corporation; Redmond,
Washington USA). This process was to be carried out by one
author, and the data then independently confirmed by the second
author.

The process was intended to extract study-level data, including
first author, publication date, country of origin, study design, and
study size; patient-level data, including patient demographics,
mechanism of injury, injury severity, method of guiding
resuscitation, lactate concentration, volume and type of intravenous

(IV) fluid administered, volume and type of blood products
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Database Search Strategy Date Period
PubMed (“wounds and injuries“[MeSH Terms] OR “trauma‘[Title/Abstract] OR “injur*“[Title/ | From inception - March 29,
Abstract]) AND (“lactic acid‘[MeSH Terms] OR “continuous lact*“[Title/Abstract] OR | 2022
“subcutaneous lact*“[Title/Abstract] OR “dynamic lact*“[All Fields]) AND (“emergency
medical services“{MeSH Terms] OR “pre hospital*“[Title/Abstract] OR
“prehospital*“[Title/Abstract] OR “pre-hospital*“[Title/Abstract] OR “out of
hospital‘[Title/Abstract] OR “out-of-hospital“[Title/Abstract])
EMBASE (exp injury/ OR (trauma OR injur*).ti,ab,kf.) AND (exp lactic acid/ OR (‘continuous | From inception - March 29,

lact** OR ‘subcutaneous lact** OR ‘dynamic lact*‘).ti,ab,kf.) AND (exp emergency |2022

hospital’ OR out-of-hospital).ti,ab,kf.)

health service/ OR (pre-hospital* OR prehospital* OR ‘pre hospital*’ OR ‘out of

Cochrane Library
(trauma OR injur*):ti,ab,kw

OR out-of-hospital):ti,ab,kw
#1 OR #2

#3 OR #4

#5 OR #6

#7 AND #8 AND #9

MeSH descriptor: [Wounds and Injuries] explode all trees

MeSH descriptor: [Lactic Acid] explode all trees

(“continuous lact*” OR “subcutaneous lact*” OR “dynamic lact*”):ti,ab,kw
MeSH descriptor: [Emergency Medical Services] explode all trees
(pre-hospital* OR prehospital* OR “pre hospital*” OR “out of hospita

From inception - March 29,
2022

Web of Science

of hospital” OR out-of-hospital)

TS = (trauma OR injur*) AND TS = (“continuous lact*” OR “subcutaneous lact*” OR
“dynamic lact*”) AND TS = (pre-hospital* OR prehospital* OR “pre hospital*” OR “out

From inception - March 29,
2022

Scriven © 2024 Prehospital and Disaster Medicine

Table 1. Search Strategy for the Chosen Databases and Date Periods

administered, and any other treatments received; and outcome
measures, including survival to hospital discharge, prehospital
patient mortality, in-hospital patient mortality, length of hospital
stay, and length of critical care stay.

Risk of Bias and Certainty of Evidence

The Critical Appraisal Skills Programme (CASP) Checklists®
were designated to assess the risk of bias for each relevant
manuscript across multiple domains. The CASP checklists consist
of specific criteria dependent on the research type, with a checklist
available for each. One author was expected to complete a CASP
checklist for each relevant manuscript, with a second author
independently verifying the results. A risk of bias table was planned
to summarize the findings.

Data Synthesis

Due to the anticipated heterogenicity of the findings, the authors
planned to synthesize the data and demonstrate the results through
a narrative review in a tabulated format in accordance with
PRISMA guidelines. To confirm statistical heterogenicity, forest
plots were to be used and visually inspected, with the degree of
overlap in confidence intervals and appearance of outliers then used
to gauge the level of heterogeneity.

Key data extracted from the manuscripts would be summarized
and displayed using evidence tables. The heterogenicity of the
findings, effect of the intervention, and risk of bias would be
compiled and presented using narrative and visual formats.

Results

Six hundred manuscripts were identified across all searched
databases, with 551 results after removing duplicates. Fourteen
studies were identified as potentially relevant following title and
abstract screening (Table 2). The full text was available for all 14

studies. After screening using the specified eligibility criteria, none
of the relevant studies fully met the criteria. Figure 1 demonstrates
the screening process in a PRISMA flow diagram.?®

Discussion
The results of this systemic review confer with the initial findings of
limited published evidence on the utility of dynamic SCLM in
adult trauma. Of the 14 manuscripts that underwent full-text
review, most examined the use of capillary or venous lactate as a
prognostic marker and to guide trauma triage. No studies evaluated
the use of subcutaneous lactate monitoring, nor did they determine
the clinical efficacy of dynamic lactate-guided resuscitation.

This empty review highlights a clear gap in current evidence of
the efficacy and cost-effectiveness of dynamic lactate monitoring
in adult trauma patients through continuous subcutaneous
monitoring. Lewis, et al?! found in a 2016 systematic review that
prehospital POC lactate monitoring showed evidence of feasibility
and clinical utility, especially within the first 15 minutes of
emergency services arrival. They argued that with an estimated
half-life of 20 minutes, dynamic lactate monitoring may highlight a
persistent state of hypoxia requiring additional resuscitative
measures. Therefore, SCLM would permit the early identification
of this state and expedite corrective treatment. Whilst repetitive
POC lactate testing can provide a periodic assessment of lactate
concentration and clearance, the lack of dynamic monitoring and
the over-reliance on repeat user testing can be troublesome.

Serial Lactate Monitoring and Lactate-Guided Resuscitation

Lactate is a proven diagnostic marker in trauma, even in those
displaying no clinical features of shock.233! The variation in lactate
from responder arrival at the scene to patient arrival at the
emergency department has been evidenced as an independent
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Author Year Title Reason for
Exclusion
Brown JB, et al 2016 Prehospital lactate improves accuracy of prehospital criteria for Wrong outcome
designating trauma activation level Wrong intervention
Coats TJ, et al 2002 Early increases in blood lactate following injury Wrong outcome
Wrong intervention
Feliciano D, et al 2010 Discussion: _Lactate isa beﬂer predictor than s_ystolic blood pressure Wrong outcome
frgregse:ﬁ(ra?i?rl\r;?fot\)/lg??alz?:Itrﬁg;ir"?t and mortality: could prehospital Wrong intervention
Fukuma H, et al 2019 Prehospital lactate improves prediction of the need for immediate | Wrong outcome
interventions for hemorrhage after trauma Wrong intervention
Gaarder C, et al 2015 Prehospital point-of-care monitoring and goal-directed therapy: does | Wrong outcome
it make a difference? Wrong intervention
Galvagno SM, et al 2018 Prehospital point of care testing for the prediction of lifesaving Wrong outcome
interventions in trauma patients Wrong intervention
Gonzalez-Robledo J, et al 2015 Prognostic factors associated with mortality in patients with severe | Wrong outcome
trauma: from prehospital care to the intensive care unit Wrong intervention
Guyette F, et al 2011 Prehospital serum lactate as a predictor of outcomes in trauma Wrong outcome
patients: a retrospective observational study Wrong intervention
Lewis CT, et al 2016 Prehospital point-of-care lactate following trauma: a systematic Wrong outcome
review Wrong intervention
Martin-Rodriguez F, et al 2019 Prognostic value of lactate in prehospital care as a predictor of Wrong outcome
mortality and high-risk patients with trauma Wrong intervention
Martin-Rodriguez F, et al 2019 Prognostic value of lactate in prehospital care as a predictor of early | Wrong outcome
mortality Wrong intervention
Martin-Rodriguez F, et al 2020 Accuracy of prehospital point-of-care lactate in early in-hospital Wrong outcome
mortality Wrong intervention
Umebachi R, et al 2018 Measurement of blood lactate, D-dimer, and activated pr’othrombin Wrong outcome
E‘?Sn:gproves prediction of in-hospital mortality in adults’ blunt Wrong intervention
Wrong population
Vandromme MJ, et al 2010 Lactatg i; a better predjctor than systolic plood pressure for' Wrong outcome
g}egz;w:gg\?m%l?oo:lerﬁgﬂg]eaniﬁgg ng mortality: could prehospital Wrong intervention

Scriven © 2024 Prehospital and Disaster Medicine

Table 2. Manuscripts that Underwent Full-Text Review with Rationales for Exclusion

prognostic marker, even after vital signs have been accounted for.?3
Multiple sources have denoted the use of lactate as a clinically
relevant endpoint in resuscitation in polytrauma patients and its use
in guiding resuscitation.”?*3? In a multicenter, open-label,
randomized controlled trial based in the intensive care unit
(ICU), Jansen, et al*® found that lactate-guided therapy decreased
in-hospital mortality, inotrope use, time on mechanical ventilation,
and length of ICU stay.

Recent evidence has shown that hyperlactatemia is not
exclusive to anaerobic conditions but can also result from aerobic
glycolysis, independent of tissue hypoxia, via beta-adrenergic
stimulation. Pain and stress are two ever-present factors in
prehospital trauma patients, both of which increase the
stimulation of beta-adrenergic receptors through the release of
adrenaline.?*3* This link has subsequently been demonstrated by
a reduction in venous lactate in prehospital trauma patients who
received IV analgesia before lactate testing.’3 Beta-adrenergic
agonists can also lead to a raised lactate and may hinder lactate-
guided resuscitation in certain situations, such as traumatic

cardiac arrest, where adrenaline is administered.®® There are
several other confounding factors that may alter lactate concen-
tration, including the presence of isolated injuries, IV fluids,
hyperglycemia, as well as alcohol intake.>*3¢ Lactate clearance is
predominantly mediated through direct utilization by the brain,
heart, and skeletal muscle and by the conversion to glucose
through the Cori cycle, which takes place in the liver.’” Hepatic
and renal dysfunction both contribute to reduced lactate
clearance.®® These confounding factors pose a challenge to the
utility of lactate as a resuscitation endpoint prehospitally, as
relatively little background is known, and the involvement of
alcohol and narcotics may be undetermined.

The current literature on the use of lactate-guided resuscitation
in the prehospital environment is sparse. As mentioned previously,
the 2016 systematic review by Lewis, et al’! exploring prehospital
POC lactate following trauma concluded that lactate-guided
resuscitation had not been tested in the prehospital environment.
The authors could find no further studies directly examining the
use of prehospital lactate-guided resuscitation.
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[ Identification of studies via databases and registers ]
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*Reports may have been excluded for more than one reason, and so may be included more

than once.
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Figure 1. PRISMA Flowchart Demonstrating the Study Selection Process.

Subcutaneous Lactate Monitoring Devices

Minimally invasive biosensor patches have demonstrated good
efficacy in measuring the lactate concentration of interstitial fluid
(ISF) in real time. These novel devices are yet to reach the market,
however, clinical trials have revealed good patient acceptability,
and close correlation with venous lactate concentration and
dynamics, with a lag time of around five minutes.>* These
studies demonstrated the clinical efficacy of the devices on healthy
volunteers undergoing 30 minutes of moderate exercise to increase
serum lactate concentration. However, a potential downfall
identified is that ISF lactate clearance in the skin may be slower
compared to the blood. Physiological variability, reduced skin
perfusion, and differences in activity baseline may contribute to this
phenomenon.? This issue of decreased tissue perfusion raises an
important point: trauma patients experiencing hypovolemic shock
are, by definition, hypo-perfusing their tissues. Consequently, this
may lead to artificially high ISF lactate levels, despite a falling
serum concentration.

In contrast, a study by Kopterides, et al*! found the opposite.
Using micro-dialysis catheters placed into the subcutaneous tissues
of mechanically ventilated patients, they found tissue lactate to be
better correlated to venous lactate in shocked patients compared to

those who were not shocked. They also found that tissue lactate
changes may precede changes in serum lactate, signaling an
opportunity for subcutaneous lactate monitors to trigger earlier
clinical intervention. Ultimately, these novel devices require further
clinical trials in acutely unwell patients to determine their efficacy
in hypoperfused states and at predicting lactate trends.

Future Advancements

Further research is necessary on the utility of lactate-guided
resuscitation in prehospital trauma patients and the use of dynamic
monitoring. Ultimately, SCLM provides a safe, easy, and
consistent method of lactate monitoring, with reasonable accuracy
and acceptable lag times. However, the current unavailability of
commercial monitors means that clinical data are somewhat
limited. Additionally, the cost is a notable issue. Newly developed
technology typically carries an inflated price tag, as seen with the
introduction of subcutaneous glucose monitors. However, this cost
is now decreasing secondary to increased manufacturing and
market competition. With the development of functioning
continuous lactate monitoring prototypes, an evolution in the
accessibility and utility of this technology will hopetully be seen in

the coming years.
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Limitations

This review found no relevant literature on the area of interest. This
is presumed to be due to the lack of current evidence or data,
however, manuscripts may not have been identified by the search
strategy. Despite this, steps were taken to avoid missing data
through a thorough search strategy and the review of all the
referenced manuscripts from the 14 that underwent full-text
review. With no data, a conclusion cannot be drawn for or against
the clinical utility of SCLM. Nevertheless, it reveals a significant
literature gap and highlights an opportunity for further research
and development.

Conclusions

Little is known about the utility of SCLM in adult trauma, and this
review highlights a clear gap in current literature. Novel
subcutaneous lactate monitors have shown a close correlation with
venous lactate whilst providing a dynamic reading with acceptable
lag times; however, their commercial availability and cost remain a

potential barrier. This lack of data evidences the feasibility of
further research into their use in trauma and in guiding
resuscitation. Other studies have demonstrated the benefits of
lactate-guided resuscitation in-hospital, but a number of con-
founding factors need to be considered when applying this
technology to the prehospital environment.

Acknowledgments

The authors thank Dr. John Glen, MBChB, BSc (Hons), MRCP,
FRCA, FFICM, DipRTM(RCSEd), PGCME (Consultant in
Anesthesia and Intensive Care Medicine, Ysbyty Glan Clwyd,
Betsi Cadwaladr University Health Board) for his knowledge and

direction.

Supplementary Materials
To view supplementary material for this article, please visit https://

doi.org/10.1017/51049023X23006623

References
1. Alberdi F, Garcia I, Atutxa L, et al. Epidemiology of severe trauma. Med Intensiva
Engl Ed. 2014;38(9):580-588.

. Bozzette A, Aeron-Thomas A. Reducing trauma deaths in the UK. The Lancet.
2013;382(9888):208.

3. Sauaia A, Moore FA, Moore EE, et al. Epidemiology of trauma deaths: a reassessment.

J Trauma Inj Infect Crit Care. 1995;38(2):185-193.

4. Kehoe A, Smith JE, Edwards A, et al. The changing face of major trauma in the UK.
Emerg Med J. 2015;32(12):911-915.

. World Health Organization. Injuries and violence: the facts. 2014. https://www.who.
int/publications/i/item/9789241508018. Accessed August 2023.

. National Audit Office. Major trauma care in England: report by the comptroller
and auditor general. 2010. https://www.nao.org.uk/wp-content/uploads/2010/02/
0910213.pdf. Accessed August 2023.

7. Régnier M-A, Raux M, Le Manach Y, et al. Prognostic significance of blood lactate

and lactate clearance in trauma patients. Anesthesiology. 2012;117(6):1276-1288.

8. Jones AE. Lactate clearance in the acutely traumatized patient. Anesthesiology.
2012;117(6):1162-1164.

. Lee SG, Song J, Park DW, et al. Prognostic value of lactate levels and lactate clearance
in sepsis and septic shock with initial hyperlactatemia: a retrospective cohort study
according to the Sepsis-3 definitions. Medicine (Baltimore). 2021;100(7):¢24835.

10. The CRITICAL Study Group Investigators; Nishioka N, Kobayashi D, et al.
Association between serum lactate level during cardiopulmonary resuscitation and
survival in adult out-of-hospital cardiac arrest: a multicenter cohort study. Sci Rep.
2021;11(1):1639.

. Guyette F, Suffoletto B, Castillo JL, et al. Prehospital serum lactate as a predictor of
outcomes in trauma patients: a retrospective observational study. J Trauma.
2011;70(4):782—786.

12. Baxter ], Cranfield KR, Clark G, et al. Do lactate levels in the emergency department
predict outcome in adult trauma patients? A systematic review. J Trauma Acute Care
Surg. 2016;81(3):555-566.

13. Committee on Trauma, American College of Surgeons. Advanced Trauma Life
Support: Student Course Manual. Chicago, Illinois USA: American College of
Surgeons; 2018.

14. Vandromme M]J, Griffin RL, Weinberg JA, et al. Lactate is a better predictor than
systolic blood pressure for determining blood requirement and mortality: could
prehospital measures improve trauma triage? J Am Coll Surg. 2010;210(5):861-867.

15. Mutschler M, Paffrath T, Wolfl C, et al. The ATLS classification of hypovolemic
shock: a well-established teaching tool on the edge? Injury. 2014;45:535-538.

16. Connelly CR, Schreiber MA. Endpoints in resuscitation. Curr Opin Crit Care.
2015;21(6):512-519.

17. Bar-Or D, Salottolo KM, Orlando A, et al. Association between a geriatric trauma
resuscitation protocol using venous lactate measurements and early trauma surgeon
involvement and mortality risk. / Am Geriatr Soc. 2013;61(8):1358-1364.

18. Galvagno SM, Sikorski RA, Floccare DJ, et al. Prehospital point of care testing for the
early detection of shock and prediction of life-saving interventions. Shock. 2020;
54(6):710-716.

19. Jonishi K, Sakamoto Y, Ueno Y, et al. Examination of the utility of serum lactate and
base deficit in hemorrhagic shock. Criz Care. 2010;14(Suppl 1):P161.

N8

w

[=}

hel

1

_

20. Canton SP, Lutfi W, Daley BJ, et al. Lactate as a mediator of prehospital
plasma mortality reduction in hemorrhagic shock. J Trauma Acute Care Surg. 2021;
91(1):186-191.

21. Lewis CT, Naumann DN, Crombie N, et al. Prehospital point-of-care lactate
following trauma: a systematic review. J Trauma Acute Care Surg. 2016;81(4):748-755.

22. Diibendorfer C, Billeter AT, Seifert B, et al. Serial lactate and admission SOFA scores
in trauma: an analysis of predictive value in 724 patients with and without traumatic
brain injury. Eur | Trauma Emerg Surg. 2013;39(1):25-34.

23. Jansen TC, van Bommel ], Mulder PG, et al. The prognostic value of blood lactate
levels relative to that of vital signs in the pre-hospital setting: a pilot study. Criz Care.
2008;12(6):R160.

24. Krishna U, Joshi SP, Modh M. An evaluation of serial blood lactate measurement as an
early predictor of shock and its outcome in patients of trauma or sepsis. Indian J Crit
Care Med. 2009;13(2):66-73.

25. Jansen TC, van Bommel J, Schoonderbeek FJ, et al. Early lactate-guided therapy in
intensive care unit patients: a multicenter, open-label, randomized controlled trial. 4m
J Respir Crit Care Med. 2010;182(6):752-761.

26. van Beest PA, Brander L, Jansen SP, et al. Cumulative lactate and hospital mortality in
ICU patients. Ann Intensive Care. 2013;3(1):6.

27. National Institute for Health and Care Excellence (NICE). Major trauma: assessment
and initial management. Individual research recommendation details: NG39/2. 2016.
https://www.nice.org.uk/guidance/ng39/resources/research-recommendations-from-
an-individual-piece-of-guidance. Accessed August 2023.

28. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021:n71.

29. Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan—a web and mobile app for
systematic reviews. Sysz Rev. 2016;5(1):210.

30. Critical Appraisal Skills Programme. CASP Systematic Review Checklist. 2022.
https://casp-uk.net/casp-tools-checklists/. Accessed August 2023.

31. Caputo N, Fraser R, Paliga A, et al. Triage vital signs do not correlate with
serum lactate or base deficit, and are less predictive of operative intervention in
penetrating trauma patients: a prospective cohort study. Emerg Med J. 2013;30(7):
546-550.

32. Gonzalez-Robledo J, Martin-Gonzalez F, Moreno-Garcia M, et al. Prognostic factors
associated with mortality in patients with severe trauma: from prehospital care to the
intensive care unit. Med Intensiva. 2015;39(7):412—421.

33. ter Avest E, Griggs ], Wijesuriya ], et al. Determinants of prehospital lactate in trauma
patients: a retrospective cohort study. BMC Emerg Med. 2020;20(1):18.

34. Kushimoto S, Akaishi S, Sato T, et al. Lactate, a useful marker for disease mortality and
severity but an unreliable marker of tissue hypoxia/hypoperfusion in critically ill
patients. Aeute Med Surg. 2016;3(4):293-297.

35. Czempik PF, Gierczak D, Wilcezek D, et al. The impact of red blood cell transfusion on
blood lactate in non-bleeding critically ill patients—a retrospective cohort study. J Clin
Med. 2022;11(4):1037.

36. Dezman ZDW, Comer AC, Narayan M, et al. Alcohol consumption decreases lactate
clearance in acutely injured patients. Injury. 2016;47(9):1908-1912.

37. Soeters PB, Shenkin A, Sobotka L, et al. The anabolic role of the Warburg, Cori-cycle
and Crabtree effects in health and disease. Clin Nuzr. 2021;40(5):2988-2998.

February 2024

https://doi.org/10.1017/51049023X23006623 Published online by Cambridge University Press

Prehospital and Disaster Medicine


https://doi.org/10.1017/S1049023X23006623
https://doi.org/10.1017/S1049023X23006623
https://www.who.int/publications/i/item/9789241508018
https://www.who.int/publications/i/item/9789241508018
https://www.nao.org.uk/wp-content/uploads/2010/02/0910213.pdf
https://www.nao.org.uk/wp-content/uploads/2010/02/0910213.pdf
https://www.nice.org.uk/guidance/ng39/resources/research-recommendations-from-an-individual-piece-of-guidance
https://www.nice.org.uk/guidance/ng39/resources/research-recommendations-from-an-individual-piece-of-guidance
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1017/S1049023X23006623

84 Prehospital Subcutaneous Continuous Lactate Monitoring

38. Cheng C-Y, Kung C-T, Wu K-H, et al. Liver cirrhosis affects serum lactate level 40. Dror N, Weidling J, White S, et al. Clinical evaluation of a novel subcutaneous lactate

measurement while assessing disease severity in patients with sepsis. Eur ] Gastroenterol monitor. ] Clin Monit Comput. 2022;36(2):537-543.
Hepatol. 2021;33(9):1201-1208. 41. Kopterides P, Theodorakopoulou M, Ilias I, et al. Interrelationship between
39. Ming DK, Jangam S, Gowers SAN, et al. Real-time continuous measurement of blood and tissue lactate in a general intensive care unit: a subcutaneous adipose
lactate through a minimally invasive microneedle patch: a phase I clinical study. BMJ tissue micro-dialysis study on 162 critically ill patients. J Cri¢ Care. 2012;27(6):
Innov. 2022;8(2):87-94. 742.69-742.¢18.
Prehospital and Disaster Medicine Vol. 39, No. 1

https://doi.org/10.1017/51049023X23006623 Published online by Cambridge University Press


https://doi.org/10.1017/S1049023X23006623

	The Effectiveness of Prehospital Subcutaneous Continuous Lactate Monitoring in Adult Trauma: A Systematic Review
	Introduction
	Study Question

	Methodology
	PICO Statement
	Eligibility Criteria
	Data Sources and Search Strategy
	Data Selection
	Data Extraction
	Risk of Bias and Certainty of Evidence
	Data Synthesis

	Results
	Discussion
	Serial Lactate Monitoring and Lactate-Guided Resuscitation
	Subcutaneous Lactate Monitoring Devices
	Future Advancements

	Limitations
	Conclusions
	Acknowledgments
	Supplementary Materials
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


