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2 Case 1 Sepsis

Initiai management involved placement of an 18-gauge peripheral venous cannula
with venous blood samples sent for ful1 blood count, urea and electrolytes, liver func-

tion tests, clotting studies, and gas analysis, and starting an intravenous (lV) infusion
of 1 L of 0.9% sodium chloride.

His results returned at 20:00 and were as follows:

Venous blood gas

pH 7.28 (7 3s 7 4s)
PaCO, (kPa) 6.6 (47-6)
PaO2 (kPa) 3.9 (,1 0)

-CO - 1--o -1 18.8 )'-28
Bt ^ mol -) -6.7 +2\
Lactate (mmo /L) 5.5 (0 5-2)

Full blood count Urea and electrolytes

Hb (#L)
Pat(xlOt/L)
WCC ( x 16171;

98
't l8
18.2

(r 30-r Bo)

(r s0-400)
(4-r I )

(r 3s- r 4s)
(3s s)
(,2s 67)
(60-r r 0)

(3s so)
(.t 0)

(6-r 0)

Na (mmo /L) 148
K (mmo /L) 4.7

U rea (m mo /L) 22

Cr (pmol/L) 380
n b (g/L) 22
CRP (mg/L) 183

G ucose (mmo,/L) 15.0

Liver function and clotting

Bili(umol/L)
A k Phos (U/L)

ALr (u/L)

NR

8 (3-20)

131 (30 r30)
27 (r o 40)

1.6

A b a bumin; A k Phos a ka ine phosphatase ALT a anine aminotransferase; BI base excess Bi i, bi irubin; Cr, creatinine;

CRPCreaclveproteln; Hb,haemogobin NR internationa norma|z."dratio K potasslum l.la,sodium,Pat pateets
U unlts WCC \'vhite co lcount

After being reviewed by the ED doctor, his acute kidney injury (AKI) was identified
and attributed to dehydration, and his mild hypothermia was noted.

Sepsis- !

a .: : -

a '--.

a -: -.

a::-.

a -,-. -

a

$ Learningpoint Definingand identifyingsepsis

The first consensus deflnitlons were determined by the Amer can Co ege of Chest Phys cians and the

Soc ety of Cr t ca Care Mediclre ln 
,1992, 

lvhich lormal y defined the systemic inf ammatory response

syndrome (S RS), sepsis and otherclinical classrfications This was updated in 20Ol in conlunction wth
the European Soc ety of lntensive Care Mediclne 11], a collaboration which resu ted in a widening of
the origina lst of four S RS criteria to over 20 signs and symptoms ol lnlection to improve spec ficity

Thiswas atercondensedrntoamorepragmatlcsetofsixcrterlabytheSurvivingSepsisCampagn
(SSC) 12] However,itwaswideyrecognizedthattheconsensusdefinitionscontlnuedtobeimperfect,
as the S RS criteria as a tool for detecting seps s tended to be oversensitive and poory specific to either

critlca I ness n general or sepsis in paftlcu ar

A third rev slon was pub ished ln 201 6 by the European Society of ntenslve Care Medicine and Soc ety

olCritlca CareMedicine,conedSepsis-3,whichabandonedthetermseveresepsisandattemptedto
simpli[, recognition [3] Sepsis ls now descrlbed as organ dyslunctron secondaryto infecton Organ

dysfunct on can be tracked with the Sequentlal (Sepsis-Related) Organ Failure Assessment (SOFA)

score a cllnica scoring system a ready used for identifying organ dysfunctlon ln intensive care units

(CU, SlRSwassti describedasausefu tool toidentilypossible nfection butnolongerformedparr
of theforma diagnosisof sepsis Theauthorsinstead recommendedtheuseolbedsidecinica scoring

systerns to lmorove reliability of recogn t on, and proposed 'quick SOFA (qSOFA) as a bedslde test

The qSOFA comprises:

. ateratlon in mental status

. systo ic biood pressure ess than or equal to I O0 mmHg, or

. .espi-atol'ale at east 22/ff ..
(conttnued)
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Case I Sepsis

Table 1.2 Continued

Category High-risk criteria Moderate- to high-risk criteria

B ood
pressu re

Clrcu ation and

hyd ration

Temperature

Skin

SBP <90 mmHg or at least

40 mmHg be ow norma

HR >130 bpm
Not passed urlne for at east

l8 hours

ll catheterized, urlne output
<0,5 ml./kglhour

Mottled or ashen appearance

Centra or periphera cyanosis

Non-bLanching rash

SBP 91 -l OO mmHg

IR 9l -l30 bpm or new arrhythm a

Not passed urine for 'l 2-18 hours

For catheterized patients, urine output
O 5-1 mVkg/hour

Tympanic temperature <36"C

Any signs of potentia lnfectlon e g discharge

at surgica site

bpm beats per mlnute COPD chronic obstructlve pu monary diseasei I R heart ratei SBq systolic b ood pressure

Source: datafromTheNatronal lnstituteforHeathandCareExce ence(NICE) (2016) sepsls recogntion diagnosis

andealymanagementlNG5l] CopyrlghtO20'l5NlCE Avai ableathttps:/lwwwniceorgrk

@ Expert comment

There are concerns that, while valid in hospital, the new definitions used in Sepsis-3 may not be

sensitive enough for use outside hospital, for example, when considering hospital referral. As

serum lactate has been validated as a predictor of mortality, including identifying'cryptic shock'

(hypoperfusion with normotension) [7], organizations not already using track-and-trigger EWS might

usefully include qSOFA as a screening tool, adding lactate where necessary. Until there is further
prospective validation of qSOFA, those already using NEWS/modified EWS can reasonably continue

using a combination of a high index of suspicion of sepsis and the EWS to trigger consideration of
sepsis. ln the UK, NICE will be issuing a Quality Standard which is likely to reinforce the use of its risk

stratification system described previously, which the UK Sepsis Trust has operationalized lnto Red Flag

and Amber Flag Sepsis criteria (Figure '1.1).

The formal identification of sepsis using a change in SOFA score is more widely accepted, but in
low- and middle-income countries needs careful interpretation, for example, to identifu the criteria for
septic shock.

Noting the hiSh lactate, the ED junior doctor suspected high-risk ('Red Flag')
sepsis (likely septic shock) according to NICE guidelines and initiated treatment.
Supplemental oxygen was given and a further litre of 0.9% saline started. A urinary
catheter was inserted, draining 280 mL of residual urine, which was clear but concen-

trated, with dipstick testing showing no evidence of leucocytes.

A venous blood culture sample was sent and antibiotics started according to hospital
protocols (lV amoxicillin 1 g, metronidazole 500 mg, and gentamicin 320 mg for sepsis

with a suspected intraabdominal cause) . Although a 5-day course was anticipated, the
antiblotics were prescribed for an initial 48-hour period with a plan to review the drug,
indication, and duration at this point. The chest X-ray was uuemarkable.

After discussion with the ED middle-grade doctor, the patient was referred to the
surglcal team and to the ICU team for review, due to his clinical deterioration as shown
by his elevated NEWS score.
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Case I Sepsis

Sepsis Six Pathway

ro be applied ro all adul" 
il:J:rHg$i#r"ffrs12 

y€ffi orage wrth suspected

sEpsrS-r f-r
I Jt

Make a treatment escalation plan and decide on CPR status

lnform consultant (ure -sBARj patient has lied Flag Sepris

Con5ultant informd?
Timezero (ick) lnitials

Action (complete ALL within t hour)

1. Administer oxygen
Aim to keep saturations >94%
(88-92% if at risk of Cq retention e g COPD)

2. Take blood cultures
At least a peripheral set Consider e g CSF, urine, spltum

' i !'ir, - ";' Callsurgeon/radiologistifneeded

3. Give lV antibiotics
According to Trust protocol
consider allergies prior to administration

4. Give lV fluids
lf hypotensive/lacute >2mmol/1, 500 ml stat
May be repeated ifclinically indicated-
do not exceed 30ml/kg

5. Check serial lactates
Corroborate high VBG lactate with arterial smple

6. Measure urine output
May require urinary catheter
Ensure fluid balance chart commenced
& completed hourly

Not applicable- initial lactate E

sepsis Six and Red Flag Sepsis are copyrightto

Figure I.l Continued
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Case I Sepsis

judgement and the presence of suspected sepsis, a fluid bolus of -500 mL Hartmann's
solution was infused IV

The patient's NEWS score subsequently deteriorated to 9 with minimal urine output.

Q l-earningpoint Fluid resuscitation

Fluid resuscltation remains one of the mainstays of ear y treatment for patients wlth seps s and

septic shock working by increasing intravascular volume, venous return, and hence cardiac output
to improve b ood pressure and organ/tissue perfus on However the type and quantity offluid to
uselscontentiousandstudieshaveproducedconfictingresults Problemsarisefromthecomplex
and variable pathophyslo ogical changes in sepsis and nterpretat on of trials is complicated by the

inclusion ol heterogeneous patients at dlfferent stages in thelr c inica course

Fluid type
The two main groups are crystal oid and co oid, with further divis on between balanced and non-

balanced solutions

Crystalloids

Crystal oid solutons can erther be balanced so utions (eg Hartmanns so ution and P asma-Lyte.l48),

whlch are designed to mimic plasma and buffer against pl changes, or unba anced O 9% sodium

chloride (commonly known as normal saline) Normal saline has been used historically because it
is acheap, stable, and eas ly manufactured lsotonlcsolution, however in studies comparingitlvith
balanced so ut ons ll 6l lt has been shown to.

. increase metaboiic and diiution acidosis
c decrease rena/ blood flow
. increase risk of rena fallure [1 7]
. cTeate a coagu opathy
. increase lnflammation
. be associated with an rncreased rlskofdeath

A though these perceived attr butes have generated a move towards use of baianced solutions

andai,vayfrom'abnormal'salne inlhe09%SallneversusPasma-Lytel48for CUf uidTherapy
(SPLlTtrial),useofabufferedcrystalloidcomparedwithsalinedidnotreducetheriskofAK ina
heterogeneous group of critica y ill patienrc 11 8l

Colloids

Co oida solutions became popular because ofthe theoretica physio ogicaL advantage of being
retained in the intravascular space for Longer than crystalloids The three main co olds are a bumin
ge atin, and hydroxyethy starch (HES)

Research has identified slde effects and rvorsenrng outcomes (inc uding higher morta ity rates)

associated with the use of some colloids particu ary in the setting of sepsis The US Food and Drug
Administratlon and the European Medicrnes Agency issued warnings after a proven lncreased rlsk

of rena lai ureanddeathwhenHESwasusedinsepticpatlentslnthelCU[l 9] Theuseof HESIs

contraindicated in critically i patlents

These adverse effects of HES arethoughtto be from the colloid molecuie accumuiating in the interstitial

tissues exacerbated by the endothelial dysfunction brought about by the septic process With n the
kidney thls causes an osmotic nephrosis and a renal compartment syndrome within the capsu e There

are observationa data suggesting that use ofgelatin is a so assoclated with an lncrease in AKI

A bumin, a natural co loid, has theoretical advantages over synthetic co loids: it maintarns endothe ia
functionaswel ashavingantioxidantandanti-infammatorypropeftles Asubgroupanalysisofseptic
patients in the Saline versus Albumln Fluid Evaluation (SAFE) trial, and a larger meta analysis [20] suggested

an assocration with reduced motali\,. lowever a more Tecent meta anaiysis that inc uded subsequent

trla s frorn the Eary A bumin Resuscitatron for Sepsis and Septic Shock (EARSS) study group and the

A bumln ta ian Outcomes Study (ALB OS) tria found that albumln, when lnc uded in a fluld reg men for
septic patients, showed no benefit in reducing morta lq/ though neither dld it cause harm 121]

Given the addltiona expense of co oids over crysta oids, there should be evldence of beneflt to
justifytheiruse TheSSCguidancecurrentyrecommendscrystaloidsastheinitial f uidof choiceand
recommends a bumin when patients require substantia amounts of crysta oids

(continued)

iot, --a

@ Expert comment

The value offluid resuscitation
has always been unclear, and
recently the routine use of liberal
fluid resuscitation has been called
into question [1 5] Until further
evidence becomes available, even

considering recent evidence, we
recommend that fluid be given
rapidly to correct hypovolaemia
in the early stages following
presentation, but relatively
restrjcted compared with historical
practice once the patient has

stabilized.
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10 Case I Sepsis

Given the patient's lack of response to an initial 3 L of fluid resuscitation (the

patient weighed approximately B0 kg), he was admitted to the ICU for invasive moni-
toring and early goal-directed therapy IEGDT). On arrival in the ICU at27:30, a central
venous catheter was inserted.

Vital signs at this time were:

Heart rate

Average BP (MAP)

spo:
GCS score

Urine output
Centra venous oxygen saturation

92 bpm
99/43 (62) nmrg
qo cl

14

35 mL/hour
s6%

O Clinicaltip Passive leg raise

The PLR is a clinical tool to determine fluid responsiveness and is a simple, non-invasive, and

accurate bedside test which can be performed by nursing staff in conjunction with monitoring of
dynamic variables [33]. Leg elevation induces an autotransfusion roughly equivalent to a 500 mL

fluid challenge but is jn effect reversible so that the non-responder is not given fluid that could be

harmful.

A PLR requires positioning of the patient head up at 45 " and then tilting the bed back i n a

Trendelenburg position until the head of the bed is horizontal (Figure 1 .2). This provides a greater

autotransfusion volume than simply elevating the legs with the trunk in a supine position. Any

response occurs in the first minute and therefore requires a dynamic flow measurement (or flow
derivation) device with sufficiently fast response time. lt has been studied with a variety of minimally

invasive cardiac output monitors: an increase in cardiac output or stroke volume of I 0% is taken to
indicate a fluid-responsive patient. lntra-abdominal hypertension may impair venous drainage and

invalidate the results.

Figure I.2 Perlorming a passive eg ralse test

@ Expert comment

The SSC recommends initial fluid challenges in patients with hypoperfusion with suspicion

of hypovolaemia up to a maximum of 30 mL/kg; further fluid challenges are based on
haemodynamic improvement of static or dynamic variables. Little controversy surrounds the

rationale behind initial restoration of circulating volume; however, too much fluid beyond the
initial correction of hypovolaemia will worsen tissue oedema and oxygen delivery. Adequate initial
fluid resuscitation should be followed by conservative late fluid management, defined as even or
negative fluid balance measured on at least two consecutive days during the first 7 days after the
onset of septic shock [32].
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