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Abstract

A dysregulated host response to infection resulting in life-threatening organ dysfunction defines the onset of sepsis.
Unfortunately, sepsis is common, costly, and deadly. The Surviving Sepsis Campaign publishes regularly updated, evidence-
informed, detection, and treatment guidelines culminating in time-sensitive care “bundles.” The goal of these bundles is to
expedite sepsis recognition because it is widely held that early treatment is life-saving. Hospitals are mandated to publicly
report their bundle compliance, and this will soon be tied to hospital reimbursement. For these reasons, hospitals are
creating sepsis emergency response teams which are a form of a rapid response team consisting of dedicated medical
professionals who evaluate patients with suspected sepsis and initiate therapy when appropriate. Evidence to date support
sepsis emergency response teams as a mechanism to improve bundle compliance, and potentially, patient outcome.
Nevertheless, some elements of bundled sepsis care are controversial (e.g., intravenous fluid administration) as some argue
that mandated treatment precludes personalized care. Herein, we briefly describe general sepsis emergency response team
structure, review evidence supporting sepsis emergency response teams to improve bundle compliance and patient outcome
and report our unique experience incorporating point of care ultrasound—to guide intravenous fluid—into a nursing-led
sepsis team. We propose that our sepsis emergency response team approach allays concern that sepsis care is either
bundled or personalized. Instead, incorporating point of care ultrasound into a nursing-led sepsis emergency response team
increases bundle compliance and individualizes care.
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Sepsis is life-threatening organ dysfunction due to a dysreg-
ulated host response to infection.! Though the nomenclature
has changed in recent years, herein “sepsis” refers to infec-
tion associated with organ dysfunction, similar to the former
definition of “severe sepsis.” Sepsis and septic shock are
common, highly mortal conditions.? Indeed, there were
between 300 and 1000 cases of sepsis per 100,000 people in
the United States (US) in the first decade of the 21st century,
and that number is increasing’; in-hospital mortality for sep-
sis ranges between 20% and 40%.*° From a global perspec-
tive, approximately 1-in-5 deaths are attributed to sepsis.’
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Table |. Basic SERT components.

SERT component Description

“Central nervous
system” or
administrative

“Afferent limb”

and empowering local SERT champions

Plans, obtains resources, educates, implements, and structures the SERT. This often begins by identifying, supporting

Like a sensory nerve obtaining environmental data. This part of the SERT searches for and detects patients with

sepsis or septic shock. The afferent limb uses clinical signs and symptoms that are, ideally, both sensitive and specific
for identifying sepsis. Traditionally, early recognition of sepsis belonged to bedside clinicians.? Increasingly, the

afferent limb is supplemented by electronic medical records that scan patient data for early warning.

“Efferent limb”
assess, and intervene early

“Quality
assurance” or

feedback 2

“administrative” arm.

27,28

Includes mobile resources (personnel with defined competencies and specialized equipment) that arrive quickly,

By measuring and monitoring intended SERT outcomes, adjustments can be made, iteratively, for process
improvements to the afferent and efferent elements. This final SERT component is often part of the aforementioned

SERT: sepsis emergency response team.

Additionally, sepsis is costly. In the United States in 2013,
sepsis care cost approximately $23 billion®; unsurprisingly,
sepsis is associated with a 75% longer inpatient stay.” Thus,
it is widely accepted that prompt recognition and treatment
of sepsis is imperative to reduce its human and financial
burden.!0-12

Therapy for sepsis and septic shock continues to evolve.
Since Rivers and colleagues published the landmark Early
Goal Directed Therapy (EGDT) protocol in 2001,'* the
Surviving Sepsis Campaign (SSC) has published numerous
guidelines on sepsis and septic shock management.!* As a
result of the 2012 SSC update, the New York State
Department of Health (NYSDOH) mandated that all hospi-
tals in New York State follow evidence-based protocols for
identifying and treating sepsis and septic shock.!° The proto-
cols included a 3-h bundle consisting of: (1) blood cultures
before antibiotics, (2) serum lactate level, and (3) broad-
spectrum antibiotics, all completed within 3 h. Furthermore,
these protocols also required a 6-h bundle that includes an
intravenous (IV) bolus of 30 mL/kg of body weight of crys-
talloid in patients with hypotension or a serum lactate level
of 4.0mmol or more.!* The 6-h bundle also included vaso-
pressors for refractory hypotension, and repeat serum lactate
within 6h of protocol initiation. Despite mixed evidence
regarding efficacy of these bundles,>!! (especially with
respect to IV fluid resuscitation),'® the SSC has recently
mandated 1-h completion of the aforementioned.!®!
Furthermore, bundle compliance must be reported publicly
by all hospitals in the United States and will be tied to reim-
bursement beginning in 2026 as a part of the Centers for
Medicare and Medicaid Services (CMS) value-based care
initiative. Given the clinical and financial importance of rec-
ognizing and treating sepsis expeditiously, interest in sepsis
emergency response teams (SERTs) is growing. A SERT is
similar to rapid or pulmonary embolism response team (i.e.,
RRT, PERT), however, focused on identifying and treating
sepsis and septic shock.2%?!

Over the last 2 decades, observational studies on the effi-
cacy of SERTs have been published and reviewed. These

studies often showed that SERT implementation associates
with reduced sepsis mortality and, almost ubiquitously,
increases guideline or bundle compliance. As outlined by
both Funk et al.?? as well as Bloos,?® a SERT is characterized
by its organization, trigger, response (including personnel
and equipment) and quality improvement mechanism. Using
this framework as a point-of-departure, we review and sum-
marize basic elements of a SERT, give an overview of previ-
ously reported SERT investigations and describe our unique
experience led by nurses trained in point-of-care ultrasound
(POCUS).% We argue that nurses using POCUS can improve
bundle compliance and individualize IV fluid therapy early
in the care of sepsis and septic shock.

A brief overview of sepsis response
team structure

Early identification of patients with sepsis and septic shock
by a “sepsis emergency response team” (SERT) is believed
to improve outcomes.?®?224 A SERT is defined as a form of
a rapid response team (RRT) consisting of dedicated medical
professionals who clinically evaluate patients suspected to
have sepsis and initiate therapy when appropriate.’!
Fundamentally, for a SERT to be successful it should contain
four basic parts?>?°2¢ (Table 1).

Afferent arm

Although an exhaustive review of SERT triggers is beyond
the scope of this manuscript, a brief explanation is warranted.
Both Bloos and Uffen and colleagues have provided up-to-
date overviews on SERT alerts.?*?! Usually, the goal of a
screening tool is to be overly sensitive (i.e., minimize false
negatives) while accepting diminished specificity (i.e., toler-
ate more false positives). The downside to decreased specific-
ity is that too many false positive alerts can cause “alarm
fatigue.”>’% In general, in the emergency department, the
presence of at least two markers of the systemic inflamma-
tory response syndrome (SIRS) has good sensitivity but
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variable or poor specificity for predicting life-threatening
organ dysfunction due to infection.?! This explains why the
presence of SIRS has only a weak association with mortal-
ity.>132 Another clinical score used to predict sepsis is a deriv-
ative of the SOFA score, the “quick” SOFA or gSOFA.3? The
ability of gSOFA to detect sepsis suffers from the “opposite”
problem of the SIRS criteria. That is, gSOFA of at least two
has a very good specificity (i.c., there are fewer false posi-
tives, which reduces alarm fatigue) and is a good predictor of
death or ICU admission.?* Unfortunately, gSOFA can have
quite low sensitivity.3*33 In other words, a clinically signifi-
cant proportion of patients in the ED who go on to develop
life-threatening organ dysfunction do not have at least two
gqSOFA early in their care. Given that screening tests should
minimize false negatives (i.c., have high sensitivity), gSOFA
is a less-appealing trigger.3%

Efferent arm

There is great heterogeneity in SERT composition. The
efferent arm (i.e., the personnel and equipment brought to
the patient) may be composed of trainees (e.g., residents or
fellows), critical care physicians, nurses and nurse practi-
tioners, infectious disease specialists, phlebotomists, lab
runners, radiology technologists, respiratory therapists,
pharmacists, and bed coordinators. Their equipment and
resources include, but are not limited to antibiotics, fluids,
venous access tools, vasoactive medications, respiratory
support,'> and portable ultrasound technology for hemody-
namic assessment, as described below.

SERT implementation: Effects on
guideline compliance and hospital
mortality

As this was a literature review, approval by a research ethics
board and patient consent were unnecessary. We conducted a
PubMed search for SERT studies published through
December 31, 2023. Additionally, we screened all the of the
references of the investigations and reviews that we identi-
fied. Only full manuscripts (i.e., not abstracts) in the English
language were considered further. We included investiga-
tions with a dedicated SERT (i.e., additional personnel with
or without specialized equipment presenting to the patient’s
bedside), and that reported the effect of SERT implementa-
tion on guideline (or bundle) compliance and/or in-hospital
mortality compared to no SERT. If the study reported only
single elements of contemporary SEP-1 bundle compliance
(e.g., time to antibiotics, lactate draw, cultures, etc.), it was
included.

SERTs are itemized below based on whether they were
led by nurses or nurse practitioners, what the afferent and
efferent arms were, and whether POCUS was used to indi-
vidualize resuscitation. We identified 34 studies and 26 are
summarized below. The reasons for excluding the eight

investigations are claborated in the supplementary mate-
rial 3¥#5 Changes in guideline or bundle compliance or mor-
tality are listed based upon statistical significance (i.e.,
p<<0.05 or less), unless otherwise stated.

Table 2 shows heterogeneity among the studies. This is
best illustrated by the variation in baseline mortality rate (i.e.,
mortality prior to implementation of SERT or mortality rate
of non-SERT treated patients) which ranged from 4% to 68%
(median 25%, IQR: 13%—37%). Differences in patient popu-
lation and time may explain this dissimilarity. For example,
the study with the highest baseline mortality rate studied
patients between 2005 and 2007, required organ dysfunction
for SERT activation and included inpatients,*® while the study
with the lowest baseline mortality rate took place between
2016 and 2018, could have included patients meeting only
two SIRS criteria (i.c., without organ dysfunction), and was
restricted to the ED (i.e., early in disease course).®” The
median mortality change was an 8% reduction (i.e., —8%;
IQR: —5% to —18%), though not all of the studies reporting
reduced mortality were statistically significant. Of the 26
studies in Table 2, 13 (50%) found a statistically significant
reduction in mortality associated with SERT implementation.
The remaining 13 studies (50%) either found no significant
change (i.c., 9 studies) or did not report or perform a statisti-
cal evaluation (i.e., 2 studies reported mortality change with-
out statistical analysis and two studies did not report mortality
numbers). When comparing hospital mortality prior to SERT
implementation to after SERT implementation for the 24
studies that reported mortality, we found a significant decrease
in associated mortality by student #-test (Figure 1); all data
had normal distribution by the Kolmogorov—Smirnov test.

Compliance with contemporary SSC guideline elements
was ubiquitously improved by SERT as compared to no
SERT. Because the definition of bundle compliance has
changed over the last 20 years, we looked for whether SERT
implementation associated with a statistically significant
improvement in any or all of: antibiotic administration,
blood culture or lactate collection, intravenous fluid provi-
sion or MAP goals for patients with sepsis or septic shock."
All studies that we located showed clinically and statistically
significant improvement in at least one of these elements
when SERT was implemented.

Limitations

Although these findings are noteworthy, causal inference
cannot be drawn from the investigations reviewed in Table 2.
As mentioned by Bloos,? before-and-after studies are quasi-
experimental and at high risk of bias.?>7? Similar association
between traditional RRT implementation and reduced mor-
tality was observed, however, a randomized trial did not
show significant benefit.”* Furthermore, our review was not
systematic, and we did not perform a funnel plot, so our
search methodology as well as publication bias could par-
tially account for these results. Thus, the effect on mortality



SAGE Open Medicine

(panunuo))

(s1sAjeue [eonsneas pauonusw 1siwologa|yd Auojeaoqe) oouueydey
ou) paseaudaq paiiodau 10N 10N ‘asidesayy Auoreaidsas Ny 23.4eyd aJed [ed111D 7=Vv40sb s100|4 9\ pue Aepdel
. Sisdes a|qissod, pauad3ii G Ise3)| 3B JO SYS
-SAATIW BUISL /oW € = [9A3] 91810’ WINJDS
pauonuaw (sauaned ooy} [e1auad Joj) UBDIUYDRY B JO ‘SHWW g = dJnssaid poojq d1joIsAs & Jo
paseaudaq paiiodau 10N 10N  Auojedidsad & pue sipeweyd [ed1uld ‘9sunu | Y ‘Shels [eausw paJalje Mau snid BlISIID SY|S 7=  OPpM [eudsoH ON ¢'[® 39 si3unD
pauoniuaw
paseaudaq paroaduw) 10N NY pauten-sisdas pue uepisAyd ND)| uondunysAp ued.o snid eI SY|S 7= a3 ON g8 32 Iqedy
papaau se
pauonuaw  moj|3) Areuowind 9sppeweyd ‘uediuydal A3ojolpe. (V-1VAAS)
a3ueyd oN paroaduw) 10N ‘NY @3 [euonippe ‘uepiuydal 3 ‘Suipusne qJ uonounysAp ued.o snid elia11d SYIS 7= a3 ON ,c'[e 32 uapAeH
(pa314odau anjea pauonusw aspew.eyd pue ‘Josiadadns Suisanu
paseausdq  -d ou) paroiduwy 10N ‘Vd/dN ‘3UapIsaJ 10 Mo||34 pue Sulpuane ND| uonounysAp ued.o snid el3Ld SYIS 7= a3 ON o[BI PRID
pauonusw SJ03eUIPI00 dsuodsau pided pue SIDIAIDS DUBD 839
adueyd oN paroaduw| 10N ‘NY opIspaq aya ‘(u4aaur “8-9) ueidisAyd 3uriono  ISB9| 1B JO 2.402S SYAAT [PAON  93nde Jusnedu| oN playaswn
pauonusw
paseaudaq paiodau 10N 10N dN .|ooa Buiuasuds sisdas AjJes,, ue uo = sJoo|4 SOA  ,c[® 39 sauof
pauoniusw 4B sisdas | & yam Juswadeurw sjeliorew
28ueyd oN paroudw) 0N pue ‘0.13u0d paq ‘| Yy Suisinu ‘siseWLIRYY Jap1ao.d Aq 19s JBPUIO + BLIBIID QYIS 7= NI ‘S400)4 ‘a3 ON g8 32 UuA
pauonuaw (wdq9z =Yy sdJooj} [ed13.ns
a3ueyd oN panroudw 10N Jauonnoeud asunN ‘wdq Oz | = YH 19ASMOY) BLIILID SY|S 7= pue [e21paly SO\ s[& 32 uosuag
pauonusw uspisal N @Yya wody dnypeq (= PIdE d11DB| WINJSs Jo saJnjie} uedio g snid
paiodau 10N paroadw) 10N Yum asidesayy Liojeaidsad ‘@sanu N padualiadxy  BlU9ILID GY|S 7= YIIM JOOJ} UO UOIIBANDE | Y sJoojy 1o g3 ON |¢[& 32 dueO3g
(Ajuo 3uswaunseaw
dAD pue [eoS pauonuaw spewaeyd ND| pue IsiSojoisayisaeue
a3ueydo oN  dVI) paroaduw 10N ‘1Y ‘NY NDIS ‘Vd 40 dN Bwneal ‘uoadans ewned | uonounysAp ued.o snid el1a1Id SY|S 7= pIm [ealdsoH ON &3 3ueg
pauonuaw aspew.eyd
paseauda paroudw) 0N pue asidesayy Liozeadsau ‘Ny NI ‘AW NI uondunysAp ueio snid BRI §Y|S 7=  SpIM [eaidsoH ON |6 30 BsOyeT
pauonusw 1)
paseaudaq paroaduw| 10N asunu 3uideuew pue Q| NDI uonounysAp uedio snid eI SY|S 7= 9pMm [ealdsoH oN oz|weuyg
Aue3audas (D] [BIpaW aY3 pue ‘ueldiuydal ASojolpes
pauonusw S|qeaJod ‘ueidIuydal $s923E JejndseA ‘asiew.eyd 832
paseaudaq paroaduw| 10N ‘sasideaayy Auoreaidsau ‘osunu ‘uenisAyd N uonsunysAp ueduo snid BRI YIS 7= Nl oN wweayds
pauonusw
paseaudaq paroaduw| 10N suepIsAyd Suipusiie aseasip snondayul pue ND)| uonounysAp uedio snid el1aId SY|S 7= 9pIm [ealdsoH ON o,[& 39 SIpRIID)
2oueljdwod 3|punq pasn
Alerow [endsoy  Jo aupping DSS  SNDOd Wiie Jus.9j3 w.e JuaJayy 3ulod-j[ed Y35 P3| dN 40 NY Apmag

'S9IPNIS | YIS POPN|2UI JO MBIAISAQ T dlqeL



Nunnally et al.

"95.4NU PaJISISa. SJBD [BI1IID INYDD ‘MSyudaye s99.39p 1, ‘2Jnssaud poo|q 21|01sAs :dgs (9402s uonjusodau sisdas
-sudis Sujuaem AJued palipowl :SYS-SAATIA ‘Wwead asuodsau pided | Yy Quswiead pue dndjuom sisdas ;] WAAS (WRlsAs asuodsau pue Sujuiem A|1es :SYAAT anuiw uad syreauq Jo sieaq :wdq oed Auojeaidsaud
WY ‘934 sy tyH uawndedap Aouadiswa 13 94nssauad SNOUSA [B1IUD (dAD ‘DJnssadd [elialJe ueaw :dy| :IUeIsISse ueisAyd :yd ‘1un aJaed aAlsualul [ed134ns :nD|S ‘sideasyy Auojeaidsad ;] y io1dop
[edIpaW | ‘DWOoJpUAs asuodsa. A1oiewiejul DIWRISAS :GY|S IUN dJed dAIsuIUl ;D) ‘uSredwed sisdas SulAIAINS :DSS ‘punose.n aJed Jo Julod (§NDOJ auonndeld asanu (gN @sanu paJaisidal :NY

pauonusw aspeweyd
paseaudaq paroadw) 0N @3 Pue NY 924n0saJ ‘@sinu ‘vd ‘dN ‘AW Adewiig BLIDILD QYIS 7= a3 ON ,,[e 39 uowis
pauonuaw Aerdads Bunaiwpe aya pue ‘supipaw o83
a3ueyd oN paroadw) 10N [euaRaul ‘Suidipaw Adusdusws wody g [[B2-UO € =SMIW a3 oN [uIyas
(s1sAjeue [eonsiieas pauonuaw uondunysAp PAEE)
paiiodau 10N ou) parouduw 10N SNYDD 7 uedio snid elia1lud YIS 7= -0 BLISIID SY|S £= BS.JE 948D 9INdY saA oduBWRS
pauonuaw
a3ueyd oN paroadw) 0N JUSPISA U0 MO|[3) ND| BLIDILD QYIS 7= a3 ON go'[& 39 UrWING
uoisnyuod ‘SHww 0 > dgs
pauonusw Josiatadns asnoy pue asiwologajyd asideweyd ‘2nuiw Jad syieauq oz < WYy ‘@nuiw Jad YRS
paseaudaq paroadw) 10N [ea1uy)d ‘sasnu a8Jeyd pue ey Q3 ‘G A3 SIL9906 < YWH ‘408°96> 40 $°00| < dwa yo 7= a3 oN PIRAUYAA
pauonuaw Jooyj 3usnedul 5918 32
paseauda panroadw 10N ueasisse uepisAyd Jo ‘gN ‘uedIsAyd BLI9IID SYIS 7= pue g3 SOA uosng.uay
(s1sAeue [eonsnels pauonuaw uepisAyd g3 Arewrad BIIDIID DGAA ERLECS
ou) paseaudaq paroadw JON  Pue ‘| Yy ‘Isioewnieyd ‘ueidiuyd9l “I0JRUIPIOOD JUN JO dumiedadwal Jayae 3ulq | ‘BLIDILD SYIS £= a3 Aseundidsipasauy Japmepqg
pauonuaw ueiisAyd uapisad 3uisiaiadns yo € 30
a3ueyd oN paroadw) 10N ay3 pue asiworoqajyd “aspew.eyd aued [ednLD BLIDILD QYIS 7= NDIW oN TETIINELIN
a3j ue
pauonuaw uonddul Ue YaIm SHWW Q| > dgs Inoyam [eadsoy e 39
paseaudaq paroaduw) 10N uenisAyd YaIM uoIsua10dAy Jo ‘BLIDIID SY|S 7= A3ojooup oN Aysany ]
J9A%} Jo AJ0IsIY Jo pajuswindop
pauoniusw sn|d 91e3s snojsuodUN Jo OF | < YH ‘0 < YY N IEE)
a3ueyd oN paroaduw) 10N Sulpualie aseasIp snolddjul pue 3 ‘%06 > UonEINIES U33AX0 ‘SHWW 06 > d9S a3 oN 1siAbuasoy
Ayjeaiow
Aep-p¢ 40} 23ueyd
oN “(Aujeaow pauonuaw uoneINSUod
Kep-,|) paseaudaq paroaduw| 10N 3ulpuaie aseasip snondayul dj3uls Y Q3 pue uondunysAp ueduo snid elaa1d SYIS 7= a3 ON  |o& 39 deIA
souedwod a|pung pasn
Aeow eadsoH  Jo aulepINnd DSS  SNDOJ wJe Jua.iay] w.e uaJayy aulod-[ed 1Y3S P3| dN 40 NY Apmg

(penunuo)) -z a1qeL



SAGE Open Medicine

80
p=0.0067*

70
n =24 studies

60

50

40

30

HOSPITAL MORTALITY (%)

-

20

10

NO SERT

WITH SERT

Figure |. Box and whisker plots for reported mortality with and
without sepsis emergency response team (SERT) implementation
for studies (n=24) reporting this data in Table 2.

we report should be viewed as hypothesis-generating and
warrant more rigorous study.

Sepsis emergency response team
structure: Our experience

Our SERT is composed of 14 RNs with specific training in
POCUS and sepsis resuscitation. The SERT RNs work in
collaboration with the primary care team and present the data
collected including POCUS exam imaging and fluid respon-
siveness. The SERT is managed by the sepsis coordinator
who also employs three RN data registrars. The data regis-
trars audit each sepsis activation, afford feedback to care
providers, and present the current data to the sepsis
committee.

There is a total of three SERT RN on duty per 12-h shift.
All SERT nurses have worked in the ICU or ED for a mini-
mum of 2 years prior to joining the team; their certifications

Table 3. SIRS criteria and end-organ dysfunction.

include advanced cardiac and basic life support (i.e., ACLS,
BLS), and pediatric advanced life support (PALS). SERTSs
may be initiated anywhere in the hospital as soon as the
patient meets the internal activation criteria. The internal acti-
vation criteria utilized by our institution is defined as the
presence of two or more SIRS with an end organ dysfunction
and a known or suspected source of infection (Table 3).

Changes in vital signs or laboratory values can trigger
Best Practice Alerts (BPAs) in the electronic medical record
to help identify patients with severe sepsis while in the hos-
pital. Once a BPA is triggered, the staff report findings to the
primary care provider, who may then activate the SERT
through the internal paging system. Once severe sepsis crite-
ria are met, the SERT team is activated. The majority of acti-
vations begin in the ED. The first responders to the patient
are the primary RN, the SERT RN, and pharmacist. If the
patient is hemodynamically unstable, a physician will also
be present. The SERT RN employs bedside ultrasound and a
device to assess fluid responsiveness and/or fluid toler-
ance’*7%; this is discussed in more detail below. The primary
physician, pharmacist, and the SERT RN then discuss the
plan of care, including suspected source of infection with
appropriate antibiotic coverage and orders are placed to
ensure that the first hour bundle is met. If a fluid bolus is
ordered, the SERT nurse will continue to recheck the patient
post-bolus until resuscitation goals are met. Throughout the
SERT activation the RN works actively with the primary
team to ensure all bundle elements are completed, and the
patient receives the highest quality of sepsis care.

Concerns and considerations

Though there are benefits to having dedicated care teams,
one challenge faced by the SERT is that during times of high
census, it can be difficult to get timely follow-up ultrasound
exams—as described below—after a fluid bolus is given,
because the SERT also responds to code strokes, cardiac
arrests, and rapid responses. Therefore, human resource con-
straints are an obvious, ubiquitous, problem. Another

SIRS criteria

Recognized organ dysfunctions

(1) Heart rate > 90beats per min

(2) Respiration rate >20breaths per min

(3) Temperature >38 or <36°C

(4) White blood cell (WBC) > 12,000 or <4,000

(1) Lactate >2mmol/L

(2) Acute altered level of consciousness (from patient’s baseline)

(3) Systolic blood pressure <90mmHg or MAP < 65 mmHg

(4) Increased oxygen requirements including intubation, CPAP/BiPAP or =8 L/min of

oxygen to maintain SpO, =90%

(5) Consistent end tidal CO, of <34mmHg or =46 mmHg

(6) Urine output < 30 mL/kg/h for 2 h, and acute changes in creatinine > 2 mg/dL
(7) Platelets < 100,000/pL

(8) Total bilirubin >2 mg/dL

(9) INR> 1.5

Mmol: millimole; mmHg: millimeters of mercury; MAP: mean arterial pressure; CPAP and BiPAP: continuous positive and bilevel positive airway pressure,
respectively; SpO,: oxygen saturation; CO,: carbon dioxide; L/min: liters per minute; mmHg: millimeters of mercury; mL/kg/h: milliliters per kilogram per
hour; mg/dL: milligram per deciliter; mcL: microliter; INR: international normalized ratio.
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Table 4. Basic and advanced POCUS competencies for SERT nurses.

Basic POCUS training: Training in anatomical structures for probe placement to identify the inferior vena cava (IVC), cardiac structures,
and lung landmarks. Competency in identifying and interpreting each of the below

IVC Cardiac

Pulmonary

(1) Identification of the IVC and hepatic

(2) Measurement of the IVC collapsibility
utilizing M-mode (motion mode)

(3) Measurement proficiency from either
a subxiphoid or transverse view 2cm
distal from the hepatic vein

(1) 4 windows: parasternal long and short axes,
vein apical 4 chamber and subxiphoid views

(2) Identification of chambers (RV, LV, RA, LA)
and valves (TV, MV, PV, AV), and LVOT

(3) Qualify LV function: normal, hyperdynamic/
kinetic, hypodynamic/kinetic

(4) Identify RV pressure or volume overload
(D-sign or septal shift)

(1) Lung sliding (normal)

(2) A-line profiles (normal)

(3) B-lines (hyperechogenic vertical cones
emanating from the pleural line, suggesting
pulmonary edema in the correct clinical
context)

(4) Pleural spaces for effusions, loculations

(5) Identify pericardial pathology

Advanced POCUS training: Dedicated training in arterial and venous Doppler with advanced hemodynamic calculations. For example,
quantification and qualification of right and left ventricular outflow tract velocity time integrals, estimating pulmonary artery systolic
pressure (i.e., using the modified Bernoulli equation in the presence of tricuspid regurgitation), tricuspid annular plane systolic excursion,

and VExUS

LVOT: left ventricular outflow tract; VExUS: venous excess ultrasound score; SERT: sepsis emergency response team; POCUS: point of care ultrasound;
IVC: inferior vena cava. RV and LV are right and left ventricles; RA and LA are right and left atria. TV, MV, PV, and AV are tricuspid, mitral, pulmonic, and

aortic valves, respectively.

challenge involved in SERT success is promoting effective
team performance when caring for the acutely ill. Regular
feedback from the “quality assurance” arm of the SERT in
addition to peer-to-peer feedback after challenging cases
improves team-based care over time; others note success
with simulation training for improving teamwork.”” Finally,
the methods and technologies described below do require
significant capital and human investment as we have previ-
ously described.”® While long-term, patient-centered, out-
come studies using our approach and technologies are
lacking, we note that a similar argument can be made for
many monitoring paradigms and tools in the ED and ICU
(e.g., arterial lines, end-tidal carbon dioxide, pulse oximetry)
where data are used to make physiologically guided deci-
sions without obvious mortality benefit in a wide diversity of
patients. Indeed, using point of care ultrasound to guide fluid
resuscitation is a nascent area of research with a small and
conflicted body of evidence to date.” !

Integrating point of care ultrasound
into our SERT

In order to reduce mortality associated with sepsis, early rec-
ognition, source control, and antimicrobial therapy are essen-
tial.!>!'* Nevertheless, there is controversy regarding SSC
bundle compliance and patient outcome,>!116:17:1921 egpe-
cially with regards to IV fluid provision.'? Criticism of man-
dated IV fluid administration to septic patients ultimately
reduces to the tension between “guideline-based” and “per-
sonalized” medicine. That is to say, following “check boxes”
disconnects the clinician from deliberating each patient’s
unique presentation, pathology, physiological reserve, and
therapy.!” On the other hand, proponents of guidelines argue

that bundles ensure basic standard-of-care for each patient,
reduces practice variability and cognitive load, which can be
important in fast-paced clinical scenarios.®? To reconcile dis-
cord between guideline-informed and bespoke therapy, our
nursing-led SERT employs POCUS for each patient to gauge
the risk—benefit profile of IV fluid administration.?*

POCUS training

Initially, SERT trainees receive basic POCUS instruction,
which includes operating specific ultrasound machines, dif-
ferentiating phased, linear, and convex array probes, and
determining their optimal use. The details of heart and lung
ultrasound training are outlined in Table 4.

During all sepsis activations on their shift, the trainee per-
forms a POCUS examination with an experienced rapid
response RN preceptor. All images are saved and reviewed
with a physician. Each trainee reviews 10 POCUS exams
and clinical assessments with the lead physician in charge of
ultrasound instruction. The trainee must demonstrate apti-
tude in order to pass training and certify competency.
Afterward, SERT RNs maintain competency by exhibiting
the aforementioned POCUS skills with the lead physician
instructor yearly. To illustrate the effectiveness of our train-
ing program, we conducted a prospective observational
study revealing that ED physicians agreed with SERT RN
POCUS assessments in 99% of cases.”83

Gauging the benefit—risk profile for IV fluids

When our SERT responds to a patient, we perform a clinical
examination supplemented by POCUS to gauge the benefit—
risk profile for I'V fluid. We consider IV fluid like a drug with



SAGE Open Medicine

Thinking about giving
IV Fluids?

J

<=

~tachycardia due to volume depletion
-hypotension

~clinically hypovolemic

-elevated lactate

-oligoanuria

-confusion

~cool or prolonged capillary refill

'WEARABLE DOPPLER PATCH
-normal jugular venous Doppler
in semi-recumbent position

BASIC POCUS

-IVC collapse more than 50%
-normal appearing LVEF

-A pattern in lungs bilaterally

ADVANCED POCUS
“VExUSof Oor 1

PHYSICAL EXAM
-appears dry/no edema
-low jugular venous pulse
~clear lungs

-normal cardiac
auscultation; i.e., no extra
heart sounds or murmurs.

'WEARABLE DOPPLER PATCH
-increase in ccFT of at least +7 ms with PLR

PULSE CONTOUR ANALYSIS
-increase in SV of at least +10% with PLR

ADVANCED POCUS
“Increase LVOT VTI of at least +15% with PLR

P

| GIVEIVFLUIDS

PRESCRIBER CONSIDERATIONS:

1. Hold IV fluids

2. Give smaller volume bolus
with rapid reassessment

3. Begin vasoactive medications

RREASSESS within

WAL,

—

Figure 2. Overview of suggested fluid therapy pathway for our SERT.

organ-specific side-effects.’*%5 We are particularly diligent
about IV fluids because we see a high volume of septic
patients with dialysis dependence, methamphetamine use,
pulmonary hypertension, and congestive heart failure. As
well, sepsis itself commonly associates with right ventricular
dysfunction, which predicts mortality.®® Given this, our
approach to IV fluid is shown in Figure 2 and reduces to 3
basic questions:

(1) Does the patient have a clinical indication for IV
fluid?
Is the patient clinically tolerant to IV fluid?
Is the patient fluid responsive?

2
3)

If the answer to all three questions is “yes,” then the patient
has a high benefit-risk ratio and IV fluids are encouraged. If
the answer to any of these questions is “no,” then the provider
is advised to reconsider fluids or give a smaller bolus volume
with rapid re-evaluation (Figure 2). Accordingly, the more of
these questions that are answered “no,” the lower the benefit-
risk ratio for the individual patient. Brief elaboration of these
concepts is considered in turn.

Question I: Does the patient have a clinical
indication for IV fluid?

While this question is obvious, it is sometimes forgotten.
Like any drug, there should be a clinical need prior to provi-
sion.®* If there is no need, then the therapy should be recon-
sidered. How do we assess need for IV fluid? Because the
heart pumps blood volume to the organs and tissues, we look
for signs and symptoms that this particular function (i.e.,
stroke volume or cardiac output) is impaired. A good list is
the “10 signs of vitality” enumerated by Funk et al.?> Of the
10, we pay particular attention to: unexplained tachycardia
(i.e., not from pain, anxiety, fever, medication effect/with-
drawal, etc.), hypotension (i.e., systolic blood pressure less
than 90 mmHg or MAP less than 60—65 mmHg), tachypnea,
diminished consciousness, oligoanuria (i.e., 30mL/h for 5h
or <100mL/4h—excluding renal failure), capillary refill
longer than 3s,% and elevated serum lactate. Though not
specific, each of these markers could indicate reduced car-
diac output and, therefore, oxygen delivery to organs and tis-
sues. If any are present, then an indication for IV fluid (i.e.,
to augment stroke volume and cardiac output) is present; we
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then turn to assessing the patient’s safety profile for IV fluid,
considered below in questions 2 and 3.

Question 2: Can the patient clinically tolerate IV
fluids?

Within the sphere of critical care medicine, the entity of
“fluid tolerance™ has recently emerged.”*7%%® Nevertheless,
this concept is a time-honored question grounded in the
physical exam. Very simply, a patient can “tolerate” I'V fluid
volume if there are no signs of venous hypertension (i.e.,
venous congestion) or overt fluid overload. On examination,
this is displayed by sunken eyes, reduced skin turgor, lack of
underarm sweat, the absence of pre-tibial edema, jugular
venous pulsations below the clavicle and normal cardiac and
pulmonary auscultation (e.g., absence of murmurs, rubs, gal-
lops, and bilateral crackles).® We supplement the clinical
exam with both basic and advanced POCUS including data
from a new wireless, wearable ultrasound Doppler.?®3
Specifically, we evaluate for ultrasound signs of venous
hypertension/congestion by looking for an inferior vena cava
with less than 50% collapse on inspiration (i.e., a sign that
the CVP is more than 10 mmHg),”® reduced left ventricular
(LV) ejection fraction (i.e., a LV high end-diastolic volume),
bilateral B-lines on lung ultrasound (i.e., an ultrasonographic
sign of pulmonary edema),””® or internal jugular venous
Doppler signals consistent with high CVP in the semirecum-
bent position ascertained by the wearable Doppler device.*
Furthermore, some of the SERT team is comfortable with
advanced POCUS measures of venous hypertension, includ-
ing the venous excess ultrasound score (VExUS).” We con-
sider a VExUS score of 2 or more abnormal.?31% We note
that the LV assessment is a qualitative one and that integrat-
ing more advanced, objective measures such as mitral annu-
lar plane systolic excursion (MAPSE), e-point septal
separation (EPSS), and fractional area changes are advanced
measures that could reduce operator bias. If there are no
physical or ultrasound exam findings concerning for venous
hypertension or fluid overload, then the patient is considered
“fluid tolerant,” and we proceed to question 3.

Question 3: Is the patient fluid responsive?

Fluid (or preload) responsiveness is a broad topic that has
slowly gained traction over the last 20 years in the intensive
care unit, operating room, and emergency department. 0103
The definition of fluid responsiveness is a 10%—15% increase
in stroke volume or cardiac output (i.e., SV or CO) following
an IV fluid bolus.!” Measuring the change in flow from the
heart (i.e., SV or CO) is critical because other measures
(including blood pressure) do not adequately predict whether
or not IV fluid administered to a patient actually increases
the SV or CO. In other words, if you need to know if the
heart will increase flow, then flow needs to be measured! To
make this more concrete, consider two patients who receive

an IV fluid bolus; neither increase their mean arterial pres-
sure (MAP). Patient A has a significant increase in SV or
CO; this is quite common in sepsis (e.g., 50%—60% of
patients who increase cardiac output do not increase their
MAP).!%4105 Patient A might benefit from more fluids and
this clinical state would have been missed if using only MAP
to guide therapy (e.g., the provider may have decided to use
vasopressors prematurely). On the other hand, patient B has
no change in SV or CO with IV fluids. Many patients early
in sepsis care stop having a significant increase in SV or CO
with IV fluids (e.g., 20%-30%).871% When these patients
stop receiving IV fluid (i.e., cease trying “another bolus™),
they have superior clinical outcomes and save the hospital
money. 07109

To test for fluid responsiveness, the SERT nurses perform
a passive leg raise (PLR) maneuver''%!"! with either SV
monitoring via noninvasive or minimally invasive, uncali-
brated pulse contour analysis,''? or measured change in the
corrected flow time of the carotid artery (ccFT)!'* measured
by the wireless, wearable Doppler ultrasound system.!'+116
The change in the ccFT is measured automatically by the
wearable, continuous wave, Doppler ultrasound that has a
fixed, 60° insonation angle.”**>!'” The wireless, wearable
ultrasound does not generate an image; its wide (>2cm)
ultrasound beam insonates the entire carotid artery, displays
a continuous Doppler spectrogram, and automatically deter-
mines the largest change in c¢cFT during a 2-min PLR.7>%
Furthermore, some SERT RNs can measure the change in
left ventricular outflow tract velocity time integral (LVOT
VTI)!'8; however, this is often too cumbersome to perform
with the PLR, so is rarely done. Both the ccFT and LVOT
VTI are Doppler ultrasound surrogates for SV. The PLR is a
maneuver where a patient is moved from the semirecumbent
position to supine with the legs elevated. This mobilizes
250-300mL of blood from the abdomen and legs to the
heart, acting like an internal blood bolus.'' How the heart
responds to this maneuver predicts how the heart will
respond to IV fluids.'"

Concerns and considerations

It is not uncommon for patients to have signs, symptoms,
or ultrasound findings concerning for fluid intolerance
and/or fluid unresponsiveness early in their care.87:196:120
More specifically, and as shown in Figure 2, if a patient
has findings that suggest that fluid intolerance (e.g., dis-
tended IVC, pulsatile jugular vein Doppler or B-lines, on
lung ultrasound), and/or if the patient does not have a sig-
nificant increase in SV or surrogate (e.g., ccFT, LVOT
VTI) with PLR, the primary provider still makes the final
decision regarding I'V fluid. We do not treat this algorithm
dogmatically or dichotomously, there is lots of physiolog-
ical “gray zone,” and the response need not be “stop fluids
entirely” or “keep giving fluids ceaselessly.” Patients can
change rapidly in the ED. Therapies such as antibiotics,
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antipyretics, adrenergic agents, anxiolytics, analgesics,
supplemental oxygenation, or assisted ventilation can all,
theoretically, mediate how the heart responds to I'V fluids
within minutes-to-hours. This is because the inflamma-
tory and sympathetic milieu change early in sepsis and
following treatment. Thus, we stress re-assessment when
IV fluid therapy is in doubt. Additionally, while ccFT and
LVOT VTI change are clinically acceptable ways to detect
fluid responsiveness with PLR,''*12L.122 measurement
error and expertise level can affect accuracy.'>>1?° Lastly,
in some cases of sepsis and septic shock, patients can be
so “volume down” (e.g., if there is concomitant volume
loss of approximately 1.5 L or more)'?®!? that a PLR does
not adequately bolus the heart and the patient will appear
fluid unresponsive. In this scenario, after giving some
crystalloid (i.e., roughly 20mL/kg), the patient can
become fluid responsive after the stressed venous volume
is replenished.

Conclusions

We think it is likely that hospitals and health systems will
form RRTs specifically for sepsis, that is, sepsis emer-
gency response teams (SERTs). We believe this because
there is good, and growing, evidence that urgently dedi-
cating personnel and equipment to patients with sepsis
increases compliance with time-sensitive treatment bun-
dles laid out by the SSC. Because bundle compliance will
soon be tied to hospital reimbursement, financial pressure
will favor common-sense solutions. We believe strongly
that rapid recognition and treatment of sepsis is expedited
by SERTs and this likely improves patient outcome.
Indeed, our review of SERT literature shows that SERT
implementation associated with decreased sepsis mortal-
ity, though study methodology and variability preclude
definitive conclusions. Perhaps the most controversial
aspect of the SSC bundle is IV fluid provision. To address
this, our SERT has trained RNs to implement a novel,
ultrasound-supplemented treatment algorithm with the
goal of expediting personalized sepsis resuscitation. This
treatment pathway is not rigidly prescriptive; when there
is uncertainty about IV fluid, the algorithm leans on the
provider’s clinical judgement and suggests more frequent
reassessment, just like any therapy in medicine. The algo-
rithm is founded on using the physical exam and ultra-
sound to weigh the benefit-risk ratio for each patient.
Incorporating “fluid responsiveness” testing in this algo-
rithm will be considered “best practice” by the European
Society of Intensive care medicine (ESICM) and has been
shown to improve clinically meaningful outcomes in
patients with sepsis and is cost-saving. In summary, a
nursing-led SERT with competency in basic and advanced
POCUS is feasible, novel and expedites individualized
sepsis resuscitation.
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