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Skin grafting on amputated lower limb,
norepinephrine-induced ischemic limb
necrosis — case report
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Summary

Ischemic limb necrosis due to high dose of norepinephrine (NE) in a patient with septic shock is uncommon. Unfortunately, amputation of
necrotic parts is the only available treatment. Reconstruction with skin autografts for defects resulting from the amputation of the lower limbs
is challenging. Herein we report a case of digit necrosis in the upper and lower limbs after administration of a high dose of NE > 1 pcg/kg/min
in a patient with septic shock. The source of infection that led to septic shock was not detected. Surgical amputation was performed as it was
impossible to repair impaired vasculature and patients’ life was endangered. Large defects were covered with skin autografts from the patient’s
thighs. The included figures demonstrate the extremities’ appearance before, after amputation, during and after skin graft transplantation.
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Introduction

Full-thickness skin graft (FTSG) consists
of complete epidermis and dermis. It is
an option to repair defects of the lower
leg [1]. FTSG is durable, exhibits minimal
contraction, and usually gives good cos-
metic effect [2,3].

Septic shock was defined by Singer et al.
as circulatory, cellular, and metabolic ab-
normalities in septic patients. It is present-
ing as fluid-refractory hypotension due
to peripheral vasodilation requiring va-
sopressor therapy with associated tissue
hypoperfusion (lactate > 2 mmol/L) [4].
Peripheral vasodilation occurs after the
failure of normal mechanisms to vasocon-
strict vascular smooth muscle [5]. Sepsis is
defined as life threatening organ dysfunc-
tion caused by a dysregulated host re-
sponse to infection [6].

Septic shock in patients is charac-
terized by vasoplegia and vascular en-

dothelial injury that causes disseminated
Intravascular coagulopathy (DIC) [7].

According to current guidelines, fluid
replacement and vasopressor infusion
must be titrated to increase mean ar-
terial pressure (MAP) to 65 mmHg, in-
cluding maintenance of central venous
pressure (CVP) at 8-12 mmHg [8-10].
Hypotension due to relative and abso-
lute hypovolemia is treated first with
fluid administration [11]. Although due
to sepsis-related systemic vasodilation,
vasopressor therapy is fundamental in
septic shock. It aims at correcting vas-
cular tone depression and then at im-
proving organ perfusion pressure [11].
Norepinephrine (NE) as a potent
a-adrenergic agonist increases blood
pressure primarily through its vasocon-
strictive properties [12].

In the event of refractory septic shock,
high dose of NE or combination of NE

with vasopressin is used [13]. Vasopres-
sin infusion decreases the dose require-
ment of NE, increases urine output and
creatinine clearance, and sometimes de-
creases cardiac output [14,15]. Some
studies defined, NE high dose by a cut-
-off value ranging from 0.5 pg/kg/min
to 2 pg/kg/min [16]. However, Brown
SM et al. defined a high dose of NE as
more than 1 pg/kg/min [17]. Accord-
ing to the studies, 90% of patients re-
ceiving > 1 pg/kg/min of NE died [18].
A high dose of NE was associated with
a high mortality [16] and ischemic
complications [19-21].

Levy et al., in their systemic review and
qualitative meta-analysis concluded that
there is insufficient evidence to support
that limb and digit ischemic necrosis is
a potential complication of high-dose
vasopressor therapy [22]. Herein we re-
port a case of digit ischemic necrosis as
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Tab. 1. Laboratory examination.
leukocytes 12,62 x 10°/L
trombocytes 11 x 10°/L
CRP 244 mg/L
procalcitonin 92.800 pg/L
lactete 7.50 mmol/L
K 5.4 mmol/L
INR 1.67
APTT 45.8 sec

PT 19 sec
fibrinogen 2.27 g/L
D-dimer 19.058 mg/L
urea 19.24 mmol/L
creatinine 139.5 umol/L
ALP 2.11 pkat/L
total Bilirubin 138.5 pmol/L
direct Bilirubin 91.60 pmol/L
AST 6.38 pkat/L
ALT 1.58 pkat/L
hemoglobin 9.80 g/dL
CRP - C-reactive protein, INR - inter-
national normalized ratio, APTT - ac-
tivated parcial tromboplastine time,
PT - prothrombin time, ALP - alka-
line phosphatase, AST - aspartate
transaminase, ALT - alanine
aminotransferase

a complication of high-dose vasopressor
therapy in a patient with septic shock.
An interesting fact is that the cause of in-
fection was not identified. It can be de-
scribed as a septic shock without docu-
mented infection an uncommon entity
reported by Reyes et al. 1999 [23].

Description of the case

A 32-year-old man with a history of al-
cohol abuse, acute pancreatitis relapses,
liver cirrhosis, and hypersplenism with
associated hypocoagulation was admit-
ted to our clinic for hematemesis. Gas-
troscopy confirmed the presence of
gastroesophageal varices with haemor-
rhagic gastritis. The patient was treated
with transfusions, vitamin K, and hae-

Fig. 3. Appearance of right foot
(dorsal view).

mostatic drugs. The 3 day of his hos-
pitalization, his medical condition was
complicated by a hypoglycemic coma.
The patient was also hypotensive T:
80/50 mmHg with vasopressors, tachy-
cardic P: 125/min, CVP: -5 mmHg, with
febrility T: 40 °C. Laboratory results are
demonstrated in the Tab. 1.

Immediately was administered 40 mL
of 40% glucose and later 500 mL of 10%
glucose. The fluid resuscitation was
done according to the recent Interna-
tional Guidelines for Management of
Sepsis and Septic Shock 2021. The pa-
tient was hydrated with 30 mL/kg of IV
isotonic crystalloid fluids within the first
3 hrs of resuscitation.

NE was given in a dose of 0,5 pg/kg/min.
Because of persistent hypotension, the
NE dose was increased to 1 pug/kg/min.
The patient was moved to our hospi-
tal's department of anaesthesiology and
critical care for stabilization and further
management of septic shock. The pa-
tient was intubated and placed on in-
vasive ventilation. For the following
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Fig. 2. Appearance of right hand
(palm view).

Fig. 4. Appearance of right foot with
necrosis of toes and metatarsals
(plantar view).

Fig. 5. Appearance of left foot
(plantar view).

2 days, NE administration was contin-
ued at lower doses of 0.5 mcg/kg/min
with the combination of vasopressin in
4 mL/hour. Approximately 5 L of fluids
were administered to the patient daily.
Lactic acidosis was treated with bicar-
bonate. Hypocoagulation and throm-
bocytopenia were corrected with fresh
frozen plasma and concentrated throm-
bocytes, respectively. X-ray of the lungs
was taken, and pneumonia was ex-
cluded. Blood culture was taken for aer-
obic and anaerobic bacteria and fungi
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Fig. 6. Appearance of right hand after
operation (dorsal view).
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Fig. 9. Appearance of left hand after
operation (palm view).

Fig. 12. The appearance of left foot
after amputation and removal of
debridement (plantar view).

from the central venous catheter; culture
from the endotracheal tube, rectum, and
urine have all shown negative results.
Other clinical conditions associated with
severe inflammatory response, such as
pancreatitis and trauma, were excluded.
Empirical administration of broad-spec-
trum antibiotics continued as the source
or pathogen of infection that led to sep-
sis was not found.

On the 4™ day of administration and
24 hrs after vasopressor administration,
symmetrical necrosis of the digits of the

Fig. 7. Appearance of right hand after
operation (frontal view).

I

Fig. 10. The appearance of hands.
A day before discharge (frontal view).

upper and lower extremities was iden-
tified. The appearance of the extremi-
ties is seen in the following pictures (Fig.
1-5). The patient was referred to an or-
thopaedic surgeon who excluded bone
fractures by seeing X-rays of the upper
and lower limbs. Moreover, the vascu-
lar surgeon considered impossible to
restore vascular perfusion to the vas-
culature as upper and lower limb dop-
pler ultrasounds’ performance excluded
thrombosis and atherosclerosis in af-
fected vessels.

Amputations of distal phalanges in
the hands and amputation of metatar-
sal in the feet were performed on the
6" day of admission and the 3™ day after
necrosis was identified. The following
pictures demonstrate the appearance of
the limbs after the operation (Fig. 6-12).
It was concluded that the cause of ne-
crosis was microvascular spasms due
to vasopressors. That is why amputa-
tion of necrotic parts was indicated. Vac-
uum assisted closure therapy was used

operation (frontal view).

Fig. 11. The appearance of right foot
after amputation and removal of
debridement (lateral view).

on both legs after amputation to speed
up wound healing, to improve tissue
perfusion, to suction exudates and to
facilitate removal of bacteria from the
wounds in the lower limbs (Fig. 13).

One month after amputation was the
patient referred to a plastic surgeon to
cover the remaining acral parts with
a skin graft. The large defects were cov-
ered with full-thickness skin autografts
from the thighs (Fig. 14). The patient was
discharged from our department after
3 months of hospitalization. The appear-
ance of the lower limb after FTSG trans-
plantation a day before discharge is
demonstrated in Fig. 15.

Discussion

FTSG are durable and can provide skin
coverage in wounds in which heal-
ing by second intention, primary clo-
sure, or flap repair would not be opti-
mal. Durability is important on the lower
limb, which is subject to inevitable sheer
forces associated with gait [2]. Moreover,
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Fig. 13. Application of vacuum
assisted closure (VAC) therapy after
open transmetatarsal amputation.

FTSG offers reduced donor site mor-
bidity because primary closure leads to
quicker healing and less pain [3]. In our
case, FTSG was the best available choice.

The third international consensus con-
ference in 2016 defined Sepsis as life-
threatening organ dysfunction caused
by a dysregulated host response to in-
fection. Septic shock is defined as a sub-
set of sepsis in which circulatory, cel-
lular, or metabolic abnormalities are
associated with increased mortality
risk. Clinical parameters to identify pa-
tients with septic shock consist of vaso-
pressor requirement to maintain MAP of
65 mmHg or greater and a serum lactate
level greater than 2 mmol/L in the ab-
sence of hypovolemia [4,6]. In this case,
clinical parameters fit the definition of
septic shock, but the source of infection
was not pointed out, either from clinical
or microbiological evidence. It is poten-
tially a rare case of septic shock without
documented infection [23].

Patients with septic shock require ag-
gressive fluid resuscitation and vaso-
pressor therapy [24]. The first-line vaso-
pressor in septic shock is NE. Vasopressin
and its analogues are second-line va-
sopressors that can also be combined
with NE in cases of refractory hypoten-
sion instead of increasing NE doses [25].
NE increases blood pressure primarily
through its vasoconstrictive properties
with little effect on the heart rate [12].
In shock, vasopressin acts as a potent va-
soconstrictor viaV1a receptors on vascu-

Fig. 14. The appearance of the lower
limb during operation. Full-thickness
skin grafts are visible.

lar smooth muscle [24]. High doses of NE
are associated with high mortality and
complications as mesenteric ischemia
and peripheral limb necrosis [20,22].
Liver dysfunction with decreased re-
lease of regulatory anticoagulants such
as anti-thrombin 3 and protein C ap-
pears to increase the risk of symmetri-
cal peripheral necrosis [26]. Symmetri-
cal peripheral gangrene is a devastating
complication of septic shock due to DIC
driven micro-thrombosis [27]. In our
case, necrosis was caused by vasopres-
sor induced vasoconstriction due to
high dose NE, as DIC was excluded ac-
cording to the Modified diagnostic cri-
teria for DIC from the Japanese Society
on Thrombosis and Haemostasis [28].
Remarkable ischemic necrosis of the
limbs developed from microvascu-
lar spasms caused by the high dose
of NE.

Conclusion

Septic shock with non-documented in-
fectionisarare case, which is why itisim-
portant to conduct an early and aggres-
sive search for septic origin in all septic
patients. NE use in high doses for severe
septic shock can cause severe compli-
cations such as ischemic limb necrosis.
It is essential to consider its use before
administration. However, a combination
of lower NE doses with vasopressin may
help to avoid such unfortunate results.
Amputation of necrotic parts is the only
available treatment. FTSG transplanta-

Fig. 15. The appearance of the lower
limb after skin-graft transplantation.
A day before discharge.

tion, rehabilitation and prosthesis have
a good impact on the outcomes.
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