Dealing with a “cytokine avalanche”

Clinical case
42 yr old female leading cancer researcher (“cytokine specialist”)
Previously healthy aside from mild asthma
2 day history of olecranon bursitis following banal pressure
Rapid onset of forearm swelling, redness and tenderness
Soon followed by upper abdominal pain, diarrhoea, nausea and
vomiting

Admitted to Ealing A+E
∘
BP 80/40; HR 115; RR 26; Temp 40 ; Sats 97%; GCS 15

In AMU given :
initially fluids, Tazocin, Amikacin,
later Clindamycin, Noradrenaline

Transferred to ITU .....

•

We find a very sick woman - "cytokine avalanche" despite
appearing deceptively "well"

•

Care plan organised and executed emergently
(“not a moment to lose”)

•

inclu. surgical exploration for suspected soft tissue necrosis,
CT, PICCO, etc

How sick?
Acid Base

pH 7.19, BD 14, HCO3- 12 ; lactate 4

CV

Max. Noradrenaline; BP 90/35; CI 5.1
Troponin 3,422; NT Pro BNP 17,464
ECG non specific changes

Lungs

ELWI 7 → 19

Kidney

Creatinine N - ↑181
UO 180/min

Microcirculation
Coagulation
ScVO2
Liver

CRT 10 sec
Platelets N → ↓103; PTT N → ↑73
71% → 84%
Albumin N → ↓19
Alk Phos 2.5 x N; ALT 3xN

Infection markers WBC 29; CRP 345; PCT 28

CT showed
ARDS
"Septic" swollen abdomen with distended gall bladder
- possible source?
Very oedematous arm
Where is the source?
If source not found and “controlled", she is at extremely high risk of death
Based on suspicion of TSS: linezolid and IVIG added to clindamycin,
tazocin

CT showed
"Septic" swollen abdomen

Distended,
thin walled gall bladder

“Third space”
Oedema +++

Source control

Diagnosis and Prognosis
The

new england journal

of

“... diﬃcult to diﬀerentiate
cellulitis from necrotizing
fasciitis…

medicine

clinical practice

surgical exploration ... must not be
delayed"

Cellulitis
Morton
N. Swartz,
nejm 350;9; february
26,
2004M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

“… requires aggressive débridement… is a true surgical Review
emergency”

An otherwise healthy 40-year-old man felt feverish and noted pain and redness over
the dorsum of his foot. Tender edema and erythema extended up the pretibial area.
Fissures were present between the toes. What diagnostic procedures and treatment
are indicated?

the clinical problem

"...mortality rate higher than that of
meningo-coccal septicaemia, TSS has
Gram-positive toxic shock syndromes
not achieved the same level of awareness
Lancet Infect Dis 2009; 9: 281–90
among
health-care
professionals…”
Toxic shock syndrome (TSS) is an acute, multi-system, toxin-mediated illness, often resulting
in multi-organ
failure.
Cellulitis is an acute, spreading pyogenic inflammation of the dermis and subcutaneous tissue, usually complicating a wound, ulcer, or dermatosis. The area, usually on the
leg, is tender, warm, erythematous, and swollen. It lacks sharp demarcation from uninvolved skin. Erysipelas is a superficial cellulitis with prominent lymphatic involvement, presenting with an indurated, “peau d’orange” appearance with a raised border
that is demarcated from normal skin. The distinctive features, including the anatomical location
cellulitisJ and
the patient’s medical and exposure history, should guide
Emma
Lappin,ofAndrew
Ferguson
appropriate antibiotic therapy (Table 1).
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anatomical features
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pathogens
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and cavernous-sinus
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expression
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“…progress with a rapidity that,
once seen, is never forgotten.”

The mortality associated with streptococcal TSS has
Severe bacterial cellulitis has been known to occur as a complication of liposuction.
The subcutaneous injection
of illicitquoted
drugs (“skin popping”)
result in cellulitis
due
colonisation
has to
increased.
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Gram-positive infections are responsible for approximately 55 TSS cases over a 30-month period has suggested that
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WHY I AM NOT A
SURGEON

What happens if you delay
surgery ?
Survivor

Non survivor

**

“A delay in source control beyond 6 hours may have a
major impact on patient mortality ”

Outcome from surgery
•

Surgical exploration showed very swollen but non-necrotic soft
tissues

•

Gynaecological exam unremarkable

•

Tissue sample " motorcycled" to NWP where microscopy showed
G+ cocci
Presumed diagnosis of cellulitis with a toxin secreting m/o
(GAS or Staph).

We have a desperately sick
patient
“We die of our specialties”

The clinical dilemma
•

All the while, things are getting worse
•

Early DIC? (rising PTT, falling platelets)

•

The Troponin T increased from 1200 ➔ 3422 !
•

Dr Rosen performed a TOE on Sunday morning - “only at Ealing”
•

•

Essentially normal (hyper dynamic)

Source control ?
•

Yes - so hold tight and "weather the storm"

•

No - much higher chance of dying despite our antibiotic cover

PCT and CRP are rising !
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Procalcitonin
•

PCT - a “hormokine”

•

⬆ in systemic bacterial infections

•

Level of PCT ∝ severity infection

•

PCT attenuated by viral infections

•

⬆ PCT is not attenuated by neither non-steroidal nor
steroidal anti-inflammatory drugs

•

PCT plays a pathophysiological role

Expert Rev. Anti Infect. Ther. 8(5), 575–587 (2010)

Knowing the kinetics of PCT,
we decide to “hold tight”

Kinetics of Procalcitonin upon Infection
TNFa

mcg/mL

IL6

PCT

CRP

5

Fatal Outcome
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Harbarth S, AJRCCM 2001
Becker KL, J Clin Endocrinol Metal 2004
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Resuscitation

Oxygen delivery =

C.O. x Hb x O2 Sat

CV parameters
Cardiac Output

8.6 L/min

SVV

9

ELWI

19

Capillary refill time

~10 sec

ScVO2

72% -> 84%

Is cardiac output adequate?
•

BP just adequate with high dose noradrenaline

•

Metabolic acidosis

•

Poor CRT

•

ScVO2?

Reassuring ScVO2 ?
100

SaO2 = 100%

100

Cell

%HbO2
Glucose

Pyruvate

SvO2 = 75%

%HbO2
36 ATP

PO2

PO2
O2

O2

O2

O2

Hb
O2

Arterial inflow

Hb
O2

Capillary

O2

O2

Venous outflow

Would you give more fluids?

More fluids? - Half of ITU patients are fluid
responders
% Responders

Calvin (Surgery 81)
Schneider (Am Heart J 88)
Reuse (Chest 90)
Magder (J Crit Care 92)
Diebel (Arch Surg 92)
Diebel (J Trauma 94)
Wagner (Chest 98)
Tavernier (Anesthesiology 98)
Magder (J Crit Care 99)
Tousignant (A Analg 00)
Michard (AJRCCM 00)
Feissel (Chest 01)

71%
72%
63%
52%
59%
40%
56%
60%
45%
40%
40%
53%

Mean
Michard & Teboul. Chest 121:2000-8, 2002

52%

What to do next?
More fluids?
•

CT showed signs of ARDS but massive abdominal “3rd
space”

•

Already received 8L

•

SVV was 9; CI was 5.1L/min/M2; ELWI went from 7 -> 19!
•

Ventilated using "protective lung ventilation"

Would SVV help decide?

But Limits of Pressure Variation
during Positive Pressure Ventilation

Michard et al. Critical Care (2015) 19:144

=<8ml/kg IBW

Figure 1 Most common physiological limitations to the use of pulse pressure variation can be summarized as ‘LIMITS’. HR/RR
Michard
et al. Critical
rate/respiratory
rate. Care (2015) 19:144

We added GTN and dobutamine to
noradrenaline
What is the logic in giving a
vasoconstrictor and vasodilators?
The capillary refill time was 10 seconds
despite an “adequate” blood pressure helped with high
dose noradrenaline

Microvascular dysfunction
Peripheral perfusion after resuscitation
Normal (27)

Abnormal (23)

HR

90

94

MAP

80

81

CVP

14

13

% Normal
Lactate

69

31 **

SOFA >0

23

77 **

Macro-circulation is a necessary pre-requisite but
insufficient. Micro-circulation also essential.
Crit Care Med 2009 Vol. 37, No. 3
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.001
creased vascular density
decrease
Proportion“the
perfused
venules, % in lactate levels
99 " 1was
100 " 0
.50
Proportion perfused capillaries, %
48 " 16
67 " 11
.001
perfusion.
proportional
to
the
improvement
in
Density of perfused capillaries, n/mm2
5.2 " 1.3
6.3 " 1.1
.001
The improvement in
Proportion
of nonperfused
capillaries, %but not to 19
" 14
10 " 8
.004
capillary
perfusion
changes
perfusion is in accordanc
Proportion of intermittently perfused capillaries
31 " 8
15 " 7
.002
experimental studies. In r
in cardiac
Coefficient of variation perfused
vessels, % index” 15 " 8
12 " 7
.16
renergic agents improved t
Data arechanges
presented as mean " SD.
microcirculatory alteratio
capillary
observed after induction of
perfusion %
tis or endotoxin administr
15). Theoutput
dose of dobuta
Change in cardiac
course be challenged. By
dose of dobutamine, we ma
estimated some of the eff
amine and cannot be sure
dose may not have furt
the microcirculation. How
ing the dose of dobutami
10 &g/kg·min did not furthe
or gut mucosal blood flow i
endotoxic shock (25, 26) an
patients with septic shock
Dobu
Change in
BPalso, dobutamine fai
studies
Figure 2. Relationship between changes in capillary perfusion
and
changes in cardiac
outpu
ize
the
alterations.
An
impo
Figure
1. Care
Individual
in 34,
capillary
oforten
patients
also arterial
investigated
panel)
changes
in mean
pressurewith
(lower panel). Absolute changes in capillary p
Crit
Medchanges
2006 Vol.
No. 2perfusion in the subset
is whether the increase in
Data are presented as mean "

SD.

vessels, %

Effect of Dobutamine on microcirculation in patients with
septic shock are independent of its systemic effects

Lima et al. Critical Care 2014, 18:R126
http://ccforum.com/content/18/3/R126
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Lima et al. Critical Care 2014, 18:R126
Nitroglycerin reverts clinical manifestations of
http://ccforum.com/content/18/3/R126
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poor peripheral perfusion in patients with
circulatory shock

Alexandre Lima*, Michel E van Genderen, Jasper van Bommel, Eva Klijn, Tim Jansem and Jan Bakker
Abstract
Introduction: Recent clinical studies have shown a relationship between abnormalities in peripheral perfusion
and unfavorable outcome in patients with circulatory shock. Nitroglycerin is effective in restoring alterations in
microcirculatory blood flow. The aim of this study was to investigate whether nitroglycerin could correct the
parameters of abnormal peripheral circulation in resuscitated circulatory shock patients.
Methods: This interventional study recruited patients who had circulatory shock and who persisted with abnormal
peripheral perfusion despite normalization of global hemodynamic parameters. Nitroglycerin started at 2 mg/hour
and doubled stepwise (4, 8, and 16 mg/hour) each 15 minutes until an improvement in peripheral perfusion was
observed. Peripheral circulation parameters included capillary refill time (CRT), skin-temperature gradient (Tskin-diff),
perfusion index (PI), and tissue oxygen saturation (StO2) during a reactive hyperemia test (RincStO2). Measurements
were performed before, at the maximum dose, and after cessation of nitroglycerin infusion. Data were analyzed by
using linear model for repeated measurements and are presented as mean (standard error).
Results: Of the 15 patients included, four patients (27%) responded with an initial nitroglycerin dose of 2 mg/hour.
In all patients, nitroglycerin infusion resulted in significant changes in CRT, Tskin-diff, and PI toward normal at the
maximum dose of nitroglycerin: from 9.4 (0.6) seconds to 4.8 (0.3) seconds (P <0.05), from 3.3°C (0.7°C) to 0.7°C
(0.6°C) (P <0.05), and from [log] −0.5% (0.2%) to 0.7% (0.1%) (P <0.05), respectively. Similar changes in StO2 and
RincStO2 were observed: from 75% (3.4%) to 84% (2.7%) (P <0.05) and 1.9%/second (0.08%/second) to 2.8%/second
(0.05%/second) (P <0.05), respectively. The magnitude of changes in StO2 was more pronounced for StO2 of less
than 75%: 11% versus 4%, respectively (P <0.05).
Conclusions: Dose-dependent infusion of nitroglycerin reverted abnormal peripheral perfusion and poor tissue
oxygenation in patients following circulatory shock resuscitation. Individual requirements of nitroglycerin dose to
improve peripheral circulation vary between patients. A simple and fast physical examination of peripheral
circulation at the bedside can be used to titrate nitroglycerin infusion.

Introduction
In the early 1960s, the use of vasodilators in shock
started with the interest in flow more than in pressure
[1]. This was followed by clinical observations and some
experimental studies showing the beneficial effects of vasodilators in severe (irreversible) shock [2,3]. It took
many years before this topic was the subject of additional experimental studies including new techniques to
monitor the effects of vasodilators [4-9]. These findings

before
GTN

Max.
GTN

inspired some clinical investigators to propose the administration of nitroglycerin as a therapeutic approach to
recruit the (sublingual) microcirculation in septic shock
and cardiogenic shock [10-12]. Although these studies
showed that nitroglycerin is effective in restoring abnormal
sublingual microcirculation, the implementation of such a
therapeutic approach in clinical practice is still hampered by technical aspects and complex offline analysis
of the images.
A real-time evaluation of peripheral microcirculatory
disorders would provide bedside assessment for timely
application of nitroglycerin targeting improvement in

Lima et al. Critical Care 2014, 18:R126
* Correspondence: a.pintolima@erasmusmc.nl
Department of Intensive Care, Erasmus MC University Hospital Rotterdam, PO
Box 2040, 3000, CA Rotterdam, The Netherlands
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Septic cardiomyopathy
•

Troponin >3422 / NT Pro BNP 17444

•

TTE -WNL but suspicion of turbulence at aortic valve

•

TOE on Sunday morning (!) -WNL

•

NB. Troponin returned to normal by day 10

Oxygen delivery =

C.O. x Hb x O2 Sat

What about the lungs?
ELWI 7 → 19
P/F ~28
CT showed marked ARDS

EVLW as a predictor of
mortality
Mortality (%)
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EVLW (mL/kg) (%)
CHEST / 122 / 6 / DECEMBER, 2002

>21

Worried about risk of ARDS?

“Patients with severe ARDS were younger, had fewer comorbidities
but a significantly worse outcome (>40% mortality).”

“…there is a latent period of 18-24 h between the insult and the
development of the full-blown clinical syndrome”

JAMA 2016;315(8):788-800

What will you do about her
acidosis?

Septic shock post GAS cellulitis

Clinical
Case

pH

7.19

pCO2

5.49

HCO3-

15

Base deficit

14

Na+

142

Cl-

118

Albumin (g/L)

19

lactate

4

(1) standard base deficit = 11
(2) sodium-chloride eﬀect = ([Na+] - [Cl-]) - 40 = (142 - 118) - 40 = -16
(3) albumin eﬀect = 0.25 X [42- albumin] = 0.25 X [42 - 19] = 6
(4) lactic acid eﬀect = 4-1= 3
(5) unmeasured ion eﬀect
= base deficit + (sodium-chloride eﬀect) + albumin eﬀect - lactate eﬀect = 11 + (-16) + 6 -2 = 1

Alkaline
(BD -)
Base
deficit
Acid
(BD +)

-16
sodium-chloride
effect

6

lactic acid
effect

unmeasured ion
effect

albumin
effect

-3

-1
14
Base deficit

How do we treat the
acidosis?
•

Give NaBicarb?

•

But will increase CO2 and we want to continue
protective lung ventilation

•

+

Massive Na load (8.4% = 84 gm/L cf. 0.9% = 9 gm/L)
(1L 8.4% = 9.3 L normal saline)

•

Gave Frusemide to decrease the Cl-

Final Outcome
Micro called to confirm a Group A Strep so changed to Penicillin V
and Clindamycin
Procalcitonin was a vital component in the life and death decision as
to whether to continue search for another "source"
Patient extubated and discharged to ward 3 days later
Home 10 days after that

Recap
Soft tissue necrosis is deadly
Diagnosis - high index of suspicion
Treatment
Source control
emergent and aggressive
Antibiotics
Including toxin suppression and IVIG
Resuscitation
Macro and Micro
Procalcitonin ?

Recap

‘Prof Mark Baker, from NICE, told the BBC: “
The problem with those patients who died unnecessarily of sepsis is that
staff did not think about it..... It requires a depth of thought and
experience....
.... we have got used to implementing guidelines without thinking.”

Remember, there is not a moment to lose
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Why we do what we do
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