
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



BP 80/40; HR 115; RR 26; Temp 40
∘
; Sats 97%; GCS 15


In AMU given : 


initially fluids, Tazocin, Amikacin, 


later Clindamycin, Noradrenaline

Admitted to Ealing A+E



• 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

Transferred to ITU .....



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 CRT   10 sec

Coagulation Platelets  N → ↓103;   PTT   N → ↑73

ScVO2 71% → 84%

Liver 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 

Distended,  
thin walled gall bladder

“Third space” 
Oedema +++

"Septic" swollen abdomen



Source control



Diagnosis and Prognosis
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 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.
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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?

 

Cellulitis is an acute, spreading pyogenic inflammation of the dermis and subcutane-
ous 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 un-
involved skin. Erysipelas is a superficial cellulitis with prominent lymphatic involve-
ment, presenting with an indurated, “peau d’orange” appearance with a raised border
that is demarcated from normal skin. The distinctive features, including the anatomi-
cal location of cellulitis and the patient’s medical and exposure history, should guide
appropriate antibiotic therapy (Table 1).

 

anatomical features

 

Periorbital cellulitis involves the eyelid and periocular tissues anterior to the orbital
septum. Periorbital cellulitis should be distinguished from orbital cellulitis because of
the potential complications of the latter: decreased ocular motility, decreased visual
acuity, and cavernous-sinus thrombosis.

Before young children began to be immunized with conjugated 

 

Haemophilus influen-
zae

 

 type b vaccine, buccal cellulitis due to 

 

H. influenzae 

 

type

 

 

 

b was responsible for up to
25 percent of cases of facial cellulitis in children 3 to 24 months of age; now such cel-
lulitis is rare. Infection originates in the upper respiratory tract.

Perianal cellulitis occurs mainly in young children and is generally caused by group
A streptococci.
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 Manifestations include perianal pruritus and erythema, anal fissures,
purulent secretions, and rectal bleeding.

 

types of exposure that predispose patients to cellulitis

 

Severe bacterial cellulitis has been known to occur as a complication of liposuction.
The subcutaneous injection of illicit drugs (“skin popping”) can result in cellulitis due
to unusual bacterial species.

 

2,3

 

A distinctive form of cellulitis, sometimes recurrent, may occur weeks to months af-
ter breast surgery for cancer. Cellulitis in the ipsilateral arm has been well described af-
ter radical mastectomy,
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 where it occurs because of associated lymphedema; cellulitis
in the ipsilateral breast is more common now, occurring after breast-conservation
therapy.

 

5,6

 

 Local lymphedema from the combination of partial mastectomy, axillary
lymph-node dissection, and breast irradiation is a predisposing factor.

the clinical problem
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“... difficult to differentiate 
cellulitis from necrotizing 

fasciitis… 

surgical exploration ... must not be 

delayed"
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Review

Gram-positive toxic shock syndromes
Emma Lappin, Andrew J Ferguson 

Toxic shock syndrome (TSS) is an acute, multi-system, toxin-mediated illness, often resulting in multi-organ failure. 
It represents the most fulminant expression of a spectrum of diseases caused by toxin-producing strains of 
Staphylococcus aureus and Streptococcus pyogenes (group A streptococcus). The importance of Gram-positive organisms 
as pathogens is increasing, and TSS is likely to be underdiagnosed in patients with staphylococcal or group A 
streptococcal infection who present with shock. TSS results from the ability of bacterial toxins to act as superantigens, 
stimulating immune-cell expansion and rampant cytokine expression in a manner that bypasses normal MHC-
restricted antigen processing. A repetitive cycle of cell stimulation and cytokine release results in a cytokine avalanche 
that causes tissue damage, disseminated intravascular coagulation, and organ dysfunction. Specifi c therapy focuses 
on early identifi cation of the illness, source control, and administration on antimicrobial agents including drugs 
capable of suppressing toxin production (eg, clindamycin, linezolid). Intravenous immunoglobulin has the potential 
to neutralise superantigen and to mitigate subsequent tissue damage.

Introduction
Gram-positive infections are responsible for approximately 
50% of sepsis cases in the USA.1 In addition to classic 
sepsis syndromes, several Gram-positive species are also 
capable of producing disease through toxin production. 
Toxic shock syndrome (TSS) is an acute, multi-system, 
toxin-mediated illness, typically resulting in shock and 
multi-organ failure early in its clinical course. It represents 
the most fulminant expression of a spectrum of diseases 
caused by toxin-producing strains of Staphylococcus aureus 
and Streptococcus pyogenes (group A streptococcus [GAS]). 

Despite a mortality rate higher than that of meningo-
coccal septicaemia, TSS has not achieved the same level 
of awareness among health-care professionals, who will 
generally encounter very few recognised cases during 
their careers. TSS may present anywhere within the 
health-care system, from occupational health departments 
to specialist hospital units, and may progress with a 
rapidity that, once seen, is never forgotten. It is therefore 
essential that all health-care practitioners have a sound 
appreciation of the epidemiology, pathophysiology, 
clinical features, and management of TSS. 

Epidemiology
Staphylococcal toxic shock syndrome
Staphylococcal TSS was fi rst reported in 1978 and came to 
prominence in the early 1980s in the USA in association 
with the use of highly absorbent tampons among young 
healthy women, with high percentages of vaginal cultures 
yielding S aureus.2 During this period, the peak incidence 
was reported to be between 6·2 and 12·3 cases per 
100 000 inhabitants per year in active surveillance 
programmes.3 With changes in tampon manufacture and 
usage advice, the incidence fell to around one case per 
100 000 inhabitants per year in the USA.4 Data from a 
surveillance programme in Minneapolis-St Paul for 
2000–03 suggest local increases, with a rise from 0·9 to 
3·4 cases per 100 000 inhabitants per year over the 4-year 
period.5 Currently, 1–5% of healthy women have vaginal 
colonisation with a toxin-producing strain of S aureus. This 
is unchanged from 1980–81, although overall staphylococcal 

colonisation has increased.6 A French surveillance study of 
55 TSS cases over a 30-month period has suggested that 
non-menstrual staphylococcal TSS is more prevalent than 
menstrual TSS, accounting for 62% of the cases. There 
were no deaths in the menstrual TSS group compared 
with a mortality of 22% for non-menstrual cases.7

Non-menstrual TSS may result from any primary 
staphylococcal infection, or indeed from colonisation 
with a toxin-producing strain of S aureus (including 
meticillin-resistant S aureus [MRSA]). It can arise after 
disruption of the skin or mucous membranes, in 
association with abscesses or burns, and after surgical 
procedures, although commonly no source of infection is 
confi rmed.8 In light of this, TSS should be considered in 
patients with shock and infection with S aureus.

Streptococcal toxic shock syndrome
A second toxic-shock-like syndrome attributed to 
S pyogenes was reported in 1987.9 Streptococcal TSS 
secondary to invasive GAS soft-tissue infections had a 
mortality of approximately 30% in some early series.10 
Studies from Australia, Denmark, and the USA cite the 
incidence of invasive GAS infection at between 1·5 and 
5·2 cases per 100 000 inhabitants per year, higher rates 
being found at the extremes of age and among ethnic 
minorities.11–13 5–14·4% of cases developed streptococcal 
TSS with an attendant case fatality of 23–44%. Higher 
incidence was also observed in those with underlying 
chronic illness, after varicella infection, and with 
non-steroidal anti-infl ammatory drug use. Recently, 
published data from 11 European countries (Strep-EURO) 
gave an incidence of streptococcal TSS of 13% in 
streptococcal infection from any source. This increased 
dramatically to 50% in patients with necrotising fasciitis. 
The 7-day mortality from streptococcal TSS was 44%.14 

Pathophysiology
Superantigens trigger a cytokine avalanche
Bacterial toxins are pivotal to the pathogenesis of 
staphylococcal and streptococcal TSS. They act as 
superantigens, which are protein toxins that share the 
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"...mortality rate higher than that of 
meningo-coccal septicaemia, TSS has 

not achieved the same level of awareness 
among health-care professionals…”

“…progress with a rapidity that, 
once seen, is never forgotten.” 

The mortality associated with streptococcal TSS has 
been quoted at from 40% up to 80% ..."

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



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
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PCT and CRP are rising !



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”
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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 ?

Venous outflowArterial inflow

100

PO2

SaO2 = 100%

%HbO2

100

PO2

SvO2 = 75%

%HbO2

Hb

O2

O2

O2

O2

Hb

O2
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Cell

O2

Glucose Pyruvate 36 ATP



Would you give more fluids?



More fluids? - Half of ITU patients are fluid 
responders

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

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)

Mean

% Responders

71%

72%

63%

52%

59%

40%

56%

60%

45%

40%

40%

53%

52%



What to do next?

• 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"

More fluids?



Would SVV help decide?



But Limits of Pressure Variation 
during Positive Pressure Ventilation

fluid loading as knowing if CO will increase by more or
less than 15%. What is the clinically relevant difference
between two patients increasing their CO by 14 and
16%, respectively? Studies have repeatedly documented a
linear and positive relationship between PPV before fluid
administration and the percentage increase in CO in
response to fluid loading [1-3,15]. This means that, in
the presence of an intermediate PPV value - that is,
within the grey zone - one may expect a mild increase in
CO. This is not minor information when assessing the
benefit/risk ratio of fluid therapy.

Conclusion
Recent studies about the applicability of PPV [5-7], or
the study from Biais and colleagues [13] reporting a
large grey zone, may lead to the wrong conclusion that
PPV has limited clinical value. Several randomized con-
trolled trials have investigated whether fluid manage-
ment based on PPV (or on surrogate parameters) may
improve patients’ outcomes. A recent meta-analysis [16]
of these trials showed that PPV-based fluid management
is associated with a significant decrease in post-surgical
morbidity and length of stay. In other words, PPV-based

Figure 1 Most common physiological limitations to the use of pulse pressure variation can be summarized as ‘LIMITS’. HR/RR, heart
rate/respiratory rate.

Figure 2 Not respecting pulse pressure variation limitations and methodological noise artificially increase the zone of uncertainty, also
called the grey zone.

Michard et al. Critical Care  (2015) 19:144 Page 2 of 3

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

=<8ml/kg IBW



We added GTN and dobutamine to 
noradrenaline

The capillary refill time was 10 seconds  
despite an “adequate” blood pressure helped with high 

dose noradrenaline

What is the logic in giving a 
vasoconstrictor and vasodilators?



Microvascular dysfunction

Crit Care Med 2009 Vol. 37, No. 3

               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.



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

Crit Care Med 2006 Vol. 34, No. 2

“the decrease in lactate levels was 
proportional to the improvement in 

capillary perfusion but not to changes 
in cardiac index”

gest that sepsis-related microcirculatory
alterations are independent of systemic
variables. Najakima et al. (28) reported
that endotoxin induced microvascular
blood flow alterations independent of
changes in blood pressure. In our previ-
ous clinical observations, we reported

that capillary perfusion was not related to
arterial pressure or cardiac index (1, 2).
In our study, the microcirculatory effects
of dobutamine were clearly independent
from its effects on blood pressure and
cardiac index. We cannot exclude that
dobutamine selectively increased facial

and tongue blood flows, but we do not see
why this would be the case. In addition,
dobutamine had similar effects on bowel
and liver microcirculation in septic con-
ditions (14, 15, 17). This suggests that
dobutamine specifically affected the mi-
crocirculation. As capillaries are deprived
of !-adrenergic receptors, it is likely that
these effects were mediated by effects on
larger arterioles, which could not be vi-
sualized by OPS imaging.

An important finding is that the im-
provement in microcirculatory alter-
ations was related to arterial lactate lev-
els. The interpretation of blood lactate
concentrations in septic shock is notori-
ously complex (30) and may involve cir-
culatory as well as metabolic compo-
nents. Our study was probably too short
for the decrease in blood lactate to be
explained only by an increased lactate
clearance due to an improved liver blood
flow (15). The decrease in lactate levels
was not related to changes in V̇O2 in these
patients, but whole body V̇O2 measure-
ments may not be sensitive enough to
detect changes in tissue metabolism.
Whole body V̇O2 is affected not only by
microvascular blood flow but also by
blood flow distribution and cellular me-
tabolism. Dobutamine can also have
some metabolic effects. Reinelt et al. (31)
reported that dobutamine increased
splanchnic blood flow but did not in-
crease splanchnic V̇O2, at least in part
because it also decreased some energy-
requiring metabolic pathways such as
glucose production. Even though
changes in V̇O2 may be dissociated from
changes in lactate levels (32), this does
not imply that the increase in perfusion
was not beneficial. Although indirect, the
proportional decrease in blood lactate
levels provides a strong index that the
increase in microvascular perfusion was
associated with an improved metabolism.
In a rat model of endotoxic shock, van
Lambalgen et al. (33) observed that do-
butamine increased tissue adenosine
triphosphate and phosphocreatine levels.
Similarly, the addition of dobutamine to
norepinephrine in a sheep model of septic
shock decreased lactate levels and PCO2
gap and prolonged survival time when
compared with norepinephrine alone
(34).

Nevertheless, it is quite obvious that
dobutamine improved but failed to nor-
malize microcirculatory perfusion in
these septic patients. Moreover, our
short-term data do not provide evidence
that long-term administration of dobut-

Figure 2. Relationship between changes in capillary perfusion and changes in cardiac output (upper
panel) or changes in mean arterial pressure (lower panel). Absolute changes in capillary perfusion,
cardiac index, and mean arterial pressure are reported for the entire population (n " 22). These
changes were not corrected for baseline value. Neither the relationship between capillary perfusion and
cardiac index nor that between capillary perfusion and arterial pressure was significant (r2 " .03, p "
.45, and r2 " .11, p " 0.29, respectively)

Table 4. Evolution of microcirculatory perfusion in the subset of ten patients also investigated with
acetylcholine

Baseline Dobutamine Acetylcholine

Total vascular density, n/mm2 6.4 (5.2–7.1) 6.4 (6.0–7.1) 7.3 (7.1–7.8)a,b

Proportion perfused venules, % 100 (100–100) 100 (100–100) 100 (100–100)
Proportion perfused capillaries, % 58 (29–66) 75 (68–80)a 98 (88–99)a,c

Density of perfused capillaries,
n/mm2

2.1 (0.8–3.5) 3.5 (3.0–4.0)a 4.9 (4.3–5.7)a,c

Proportion of nonperfused
capillaries, %

11 (9–29) 6 (3–20)a 2 (1–2)a,b

Proportion of intermittently
perfused capillaries

30 (23–36) 16 (10–20)a 2 (1–10)a,c

Coefficient of variation perfused
vessels, %

13 (10–18) 11 (8–13) 9 (6–16)

As these data were not normally distributed, evolution over time was assessed by a Friedman test
followed by a Wilcoxon’s signed rank test with Bonferroni correction for multiple comparisons. Data
are presented as median (percentiles 25–75).

ap # .01 vs. baseline; bp # .05 and cp # .01 acetylcholine vs. dobutamine.

406 Crit Care Med 2006 Vol. 34, No. 2

Change in cardiac output

Change in BP

changes 
capillary  

perfusion %

crovascular perfusion was more severely
altered at baseline. The increase in per-
fused capillaries was due to a similar de-
crease in nonperfused (!53 " 21%, p #
.004) and intermittently perfused (!49 "
24%, p # .002) capillaries. However, the
variability between the five areas, as-
sessed by the coefficient of variation, was
not significantly affected (!8 " 32%,
p # .16). All venules were already per-

fused at baseline and this was not affected
by dobutamine administration. The topi-
cal application of acetylcholine, in addi-
tion to dobutamine, increased total vas-
cular density (21 " 11%, p # .009) as
shown in Table 4. The proportion of per-
fused capillaries further increased and
was then close to 100%.

Capillary perfusion was not related to
cardiac index or mean arterial pressure,

at baseline or after dobutamine adminis-
tration (data not shown). The increase in
capillary perfusion was not related to the
changes in cardiac index (Fig. 2, upper
panel), in arterial pressure (Fig. 2, lower
panel), or in systemic vascular resistance
(data not shown). Interestingly, the
changes in arterial lactate levels were in-
versely related to the increase in capillary
perfusion (y # !0.15x $ 0.07, r2 # .45,
p # .005, Fig. 3, upper panel) but not to
changes in cardiac index (Fig. 3, lower
panel). Finally, changes in capillary per-
fusion and lactate levels were not related
to changes in V̇O2 (data not shown).

DISCUSSION

The present study demonstrates that
dobutamine improves microvascular per-
fusion in the early phase of septic shock
and that these changes are independent
of its global hemodynamic effects. How-
ever, dobutamine did not fully recruit the
microcirculation, as the addition of topi-
cally applied acetylcholine further in-
creased vascular density and capillary
perfusion.

The improvement in microvascular
perfusion is in accordance with several
experimental studies. In rodents, %-ad-
renergic agents improved the liver or gut
microcirculatory alterations that were
observed after induction of fecal peritoni-
tis or endotoxin administration (12, 13,
15). The dose of dobutamine may of
course be challenged. By using a fixed
dose of dobutamine, we may have under-
estimated some of the effects of dobut-
amine and cannot be sure that a higher
dose may not have further improved
the microcirculation. However, increas-
ing the dose of dobutamine from 5 to
10 &g/kg·min did not further improve liver
or gut mucosal blood flow in experimental
endotoxic shock (25, 26) and PCO2 gap in
patients with septic shock (27). In these
studies also, dobutamine failed to normal-
ize the alterations. An important question
is whether the increase in microvascular
perfusion was large enough, as it could be
further improved with acetylcholine. This
cannot be determined on our data set and
can only be determined in experimental
conditions with simultaneous measure-
ments of microvascular blood flow and lo-
cal metabolism.

Another key issue is whether the
changes in microcirculatory perfusion
were related to changes in systemic he-
modynamic variables. Experimental (28,
29) and clinical (1, 2) observations sug-

Figure 1. Individual changes in capillary perfusion in the subset of ten patients also investigated with
acetylcholine. BASE, baseline; DOBU, dobutamine; ACH, acetylcholine.

Table 3. Effects of dobutamine on microcirculatory perfusion in the entire population (n # 22)

Baseline Dobutamine p Value

Total vascular density, n/mm2 6.5 " 1.1 7.4 " 1.1 .001
Proportion perfused venules, % 99 " 1 100 " 0 .50
Proportion perfused capillaries, % 48 " 16 67 " 11 .001
Density of perfused capillaries, n/mm2 5.2 " 1.3 6.3 " 1.1 .001
Proportion of nonperfused capillaries, % 19 " 14 10 " 8 .004
Proportion of intermittently perfused capillaries 31 " 8 15 " 7 .002
Coefficient of variation perfused vessels, % 15 " 8 12 " 7 .16

Data are presented as mean " SD.

Table 2. Hemodynamic effects of dobutamine (n # 22)

Baseline Dobutamine p Value

Temperature, °C 37.3 " 1.0 37.2 " 1.1 .033
Heart rate, beats/min 89 " 13 95 " 13 .020
Mean arterial pressure, mm Hg 69 " 5 71 " 6 .145
Mean pulmonary artery pressure, mm Hg 31 " 9 30 " 8 .339
Pulmonary artery occluded pressure, mm Hg 14 " 4 14 " 4 .66
Right atrial pressure, mm Hg 11 " 3 11 " 3 .89
Cardiac index, L/min ! M2 3.63 " 0.90 4.36 " 1.07 .001
pH 7.30 " 0.07 7.30 " 0.07 .847
PaCO2, mm Hg 38 " 6 38 " 6 .278
PaO2, mm Hg 89 " 17 91 " 22 .546
SaO2, % 97 " 2 97 " 2 .525
SvO2, % 69 " 5 73 " 6 .001
ḊO2, mL/min ! M2 452 " 132 544 " 157 .001
V̇O2, mL/min ! M2 129 " 29 130 " 25 .817
O2ER, % 29 " 5 25 " 6 .001
Lactate, mEq/L 2.3 " 0.7 2.1 " 0.7 .001

SaO2, arterial oxygen saturation; SvO2, venous oxygen saturation; ḊO2, oxygen delivery; V̇O2, oxygen
consumption; O2ER, oxygen extraction.

Data are presented as mean " SD.
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Nitroglycerin reverts clinical manifestations of
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 va-
sodilators in severe (irreversible) shock [2,3]. It took
many years before this topic was the subject of add-
itional experimental studies including new techniques to
monitor the effects of vasodilators [4-9]. These findings

inspired some clinical investigators to propose the admin-
istration 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 ham-
pered 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
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nitroglycerin dose. The effect of changes in nitroglycerin
dose had a significant effect on CRT, Tskin-diff, and periph-
eral PI but not on StO2. When StO2 baseline values before
nitroglycerin infusion were taken into account, the effect of
changes in nitroglycerin dose becomes clearly significant.
The magnitude of changes in StO2 was more prominent at
lower StO2 values (Figure 2). Compared with baseline,
patients with StO2 of less than 75% at TBL1 had a bigger
response than patients with StO2 of greater than 75%: 10%
(9.0% to 11.1%) versus 7% (4.7% to 10.5%) (P <0.05).

Discussion
We have demonstrated that intravenous infusion of nitro-
glycerin improves peripheral perfusion and oxygenation in

shock patients with persisting abnormal peripheral cir-
culation following initial resuscitation to global hemody-
namic endpoints. Although nitroglycerin is generally used
for its cardio-circulatory effects, its precise application in
septic or non-septic circulatory shock continues to be
debated and investigated. The use of vasodilators in shock
was introduced into the clinic in the early 1960s as an
additional therapeutic option for circulatory shock with or
without cardiac dysfunction to counteract peripheral
vasoconstriction [1,2,28]. However, the concept of using
vasodilator therapy to target microcirculatory flow in
critically ill patients originated in the 1990s with clinical
trials of different types of vasodilators (prostacyclin and
N-acetylcysteine) targeting splanchnic perfusion as assessed
by gastric tonometry [29-32]. These studies demonstrated
an improvement in gastric perfusion with vasodilator ad-
ministration suggesting successful microcirculatory recruit-
ment. More recently, with the advent of video microscopy
techniques allowing direct visualization of the (sublingual)
microcirculation, some studies have evaluated short-term
infusions of nitroglycerin in septic or non-septic shock and
demonstrated significant improvements in capillary perfu-
sion [10-12]. In a randomized controlled trial in 70 patients
with septic shock, Boerma and colleagues [11] failed to
show significant differences in the evolution of the sublin-
gual microcirculation between the control and nitroglycerin
groups. Although this study precluded the effectiveness of

Figure 2 Temporal behavior of peripheral circulation parameters (CRT, Tskin-diff, and PI) and StO2-derived variables (StO2, RincStO2,
and RdecStO2) during study protocol. Time points are defined as before nitroglycerin infusion (TBL1), at the maximum dose of nitroglycerin
(TMX), and 30 minutes after cessation of nitroglycerin (TBL2). CRT, capillary refill time (seconds); PIlog, log of perfusion index (percentage); RdecStO2,
rate of peripheral tissue oxygenation desaturation during arterial occlusion (percentage per minute); RincStO2, rate of peripheral tissue oxygenation
recovery after arterial occlusion (percentage per second); StO2, peripheral tissue oxygenation (percentage); Tskin-diff, forearm-to-fingertip
skin-temperature gradient (degrees Celsius). Lines represent individual values for each patient. Bars are mean ± 95% confidence interval (CI).

Table 4 Estimation of the effect of nitroglycerin dose on
all parameters of peripheral perfusion

Estimate 95% CI P value

Constant 8.9 4.60, 13.10 0.001

Capillary refill time, seconds −0.91 −1.10, −0.50 0.001

Tskin-diff, degrees Celsius 0.35 0.09, 0.61 0.008

Perfusion index, percentage 1.2 0.55, 1.85 0.001

StO2, percentage −0.02 −0.07, 0.03 0.42

StO2, percentage, corrected
for baseline StO2

0.30 0.14, 0.47 0.001

CI, confidence interval; StO2, tissue oxygen saturation; Tskin-diff, forearm-to-
fingertip skin temperature gradient.
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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
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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?



pH 7.19 pCO2 5.49

HCO3- 15 Base deficit 14

Na+ 142 Cl- 118

Albumin (g/L) 19 lactate 4

Septic shock post GAS cellulitis

(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

-16

sodium-chloride
 effect

6

albumin 
effect

Clinical 
Case

Alkaline
(BD -)

Base 
deficit

Acid
(BD +)

14

Base deficit

lactic acid
 effect

-3

unmeasured ion
 effect

-1



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

.... we have got used to implementing guidelines without thinking.”

‘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....



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