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Pulmonary-renal syndrome (PRS) is a life- 
threatening condition that is characterized by 
acute kidney injury (AKI) caused by rapidly 

progressive glomerulonephritis (GN) and lung involve-
ment, which often includes diffuse alveolar hemorrhage 
(DAH).1 PRS typically is the result of immune-mediated 
disease secondary to anti-glomerular basement mem-
brane (anti-GBM) antibodies, anti-neutrophil cytoplas-
mic antibodies (ANCA), immune complexes (IC), and 
thrombotic microangiopathy (TMA).2

The three major ANCA-associated vasculitis (AAV) 
syndromes of granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA), and eosinophilic granu-
lomatosis polyangiitis (EGPA) account for 60% to 70% 
of PRS cases.3 Goodpasture’s syndrome is associated 
with DAH and rapidly progressive GN in the presence 
of anti-GBM antibodies. This condition is responsible 
for less than 20% of PRS cases.1 Systemic lupus ery-

thematosus (SLE) is responsible for the majority (80%) 
of the 10% to 15% of PRS cases that are caused by IC 
disease. Clinical presentation is characterized by diffuse 
(Class IV) lupus GN associated with rapidly progressive 
DAH, often with severe hypoxemia.4 Other less fre-
quent cases of PRS mediated by IC have been described 
in the context of systemic sclerosis (scleroderma), 
cryoglobulinemia, rheumatoid arthritis, polymyositis, 
dermatomyositis, and mixed connective tissue disease.4 
Rare cases of PRS have been described in patients with 
immunoglobulin A (IgA) nephropathy, IgA vasculitis 
(Henoch-Schonlein purpura), acute endocarditis, or 
post-infectious GN.5 Despite its strong association with 
systemic thrombotic events, TMA secondary to cata-
strophic antiphospholipid syndrome (APS) and throm-
botic thrombocytopenic purpura (TTP), often triggered 
by infections or malignancies, can induce PRS and is as-
sociated with a poor prognosis as the result of frequent 
brain, gastrointestinal, and heart involvement by TMA.
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Certain medications (e.g., hydralazine, 
minocycline, allopurinol, propylthioura-
cil) have been associated with potentially 
reversible drug-associated AAV and PRS.6 
Antinuclear antibodies (ANA) may be pres-
ent, and hydralazine and minocycline both 
are associated with a lupus-like phenotype. 
Cases of PRS also have been reported dur-
ing therapy with anti-tumor necrosis factor 
alpha (anti-TNF-α), with the development of 
monoclonal antibody-induced ANCA (e.g., 
adalimumab, etanercept, infliximab).6 Drug-
induced AAV is more common in young 
women, presents with skin involvement, and 
while clinically similar to MPA, typically is 
less severe with a better prognosis.7 Cocaine 
adulterated with the anti-helminthic agent le-
vamisole is a common cause of drug-induced 
AAV in the United States that can progress to 
PRS. It generally is associated with neu-
tropenia, accompanied by skin, heart, and 
gastrointestinal involvement.8  

AAV syndromes have a two-fold higher 
incidence in Caucasians, with a 1:1 male to 
female ratio, and a typical age of onset of 40-
65 years. MPA is found most commonly in 
Asia, and GPA has a lower incidence in the 
Hispanic population. Goodpasture’s syn-
drome is extremely rare and predominantly 
affects young or middle-age Caucasians, with 
a slight male predominance. Environmental 
factors, such as smoking, infections, lithotrip-
sy, and previous hydrocarbon exposure, have 
been implicated as triggers for this disease.7 
PRS resulting from SLE and systemic scle-
rosis is observed more frequently in middle-
age women (3:1 female to male ratio), with 
underlying lupus nephritis and pulmonary 
fibrosis, respectively.7,9 The course and 
severity of PRS related to SLE in the African 
American population have been associated 
with progression to end-stage renal disease 
(ESRD) and 60% to 70% mortality.10

CLINICAL PRESENTATION
Patients with PRS often present with evi-
dence of severe AKI and respiratory symp-
toms, with rapid progression to hypoxemic 
respiratory failure prompting intensive care 
unit (ICU) admission. For many of these 
critically ill patients, the presentations rep-
resent an exacerbation of previously known 
disease, usually triggered by coexisting infec-
tion or inadequate immunosuppression.1,3 A 
considerable proportion of patients with PRS 
in the context of SLE have a concomitant 

viral or bacterial lung infection,9 and it has 
been reported that 34% to 40% of patients 
with GPA and pneumonia are infected with 
Staphylococcus aureus.11 However, up to 
42% of AAV are new diagnoses. Clinical 
features of systemic inflammation, such as 
weight loss, fatigue, malaise, arthralgia, and 
myalgia, are common, and cannot effectively 
differentiate between AAV and IC disease.3 

GPA commonly involves the sinuses, upper 
and lower respiratory tracts, and kidneys. 
Common associated complaints include a 
history of recurrent sinusitis, epistaxis, and 
otitis media. Nasal septal ulceration can lead 
to collapse of the nasal bridge, and subglottic 
and central airway inflammation can present 
as intubation difficulties. Lung involvement 
often results in progressive dyspnea, recur-
rent hemoptysis, or life-threatening pulmo-
nary hemorrhage.7 Pulmonary hemorrhage 
is more common in GPA than in MPA and 
EGPA (42%, 29%, and 3%, respectively) 
and is associated with a worse prognosis.12

As a small vessel vasculitis, MPA shares 
many similar features to GPA. Although 
sinus involvement is less common in MPA, 
both conditions are associated with skin 
findings of leukocytoclastic angiitis, rapidly 
progressive GN, bowel ischemia and hemor-
rhage, myocardial ischemia, and mononeu-
ritis multiplex. Differentiation often requires 
biopsy of an involved organ, with granulo-
matous inflammation in addition to small 
vessel vasculitis typical for GPA.13

EGPA often presents with peripheral eosino-
philia, pulmonary infiltrates, and end organ 
dysfunction as a result of either eosinophilic 
infiltration or vasculitis after years of an 
atopic and asthma prodrome. The presence 
of diastolic cardiomyopathy due to eosino-
philic infiltration contributes to high mortal-
ity in EGPA.7

Previous or concurrent evidence of throm-
botic events involving the arterial and venous 
system, the presence of advanced hemato-
logic malignancies, or persistent bacteremia 
favors the diagnosis of TMA induced by APS 
or TTP.1,14

DIAGNOSIS
DAH is defined by diffuse pulmonary 
opacities with varying degrees of respiratory 
failure, a decreasing hemoglobin level, and  

http://reliasmedia.com
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progressively bloody return (or with increasing red 
blood cell counts) on sequential bronchoalveolar lavage 
(BAL) aliquots. Alveolar hemorrhage is difficult to 
distinguish from pneumonia, especially in the roughly 
30% of patients with DAH without hemoptysis.15 
Hemosiderin-containing macrophages, erythrophago-
cytosis, and collections of free interstitial hemosiderin 
also can aid in distinguishing DAH from acute bleeding 
related to biopsy.15,16

Rapidly progressive GN presents with rapidly declining 
renal function, progressive oliguria, and an active urine 
sediment, with hematuria (including dysmorphic red 
cells), red cell casts, and nephritic range proteinuria  
(> 0.5 to 2 g/d). Urine microscopy should be performed 
on a fresh urine sample because red cell casts, indicators 
of heavy glomerular bleeding and glomerular necrosis, 
and dysmorphic red cells degenerate within 30 to 60 min-
utes. Renal ultrasound often will show normal to slightly 
enlarged kidneys with increased echogenicity.1,17

Serologic testing is important to both diagnose and 
categorize the underlying etiology of PRS. A cytoplasmic 
pattern of staining (cANCA) on immunofluorescence 
is associated most commonly with anti-PR3 antibod-
ies by ELISA, whereas perinuclear staining (pANCA) is 
associated more commonly with the presence of anti-
myeloperoxidase (MPO) antibodies.16 GPA is associated 
with a frequency of PR3-ANCA of 65% to 75%, and 
MPA has an association with MPO-ANCA of 55% to 
65%, although both ANCA patterns have been associ-
ated with each disease.7 Eosinophilia (typically > 10%) 
is a classic finding in EGPA, and MPO-ANCA when 
present (30% to 40% of cases) is strongly related to 
GN.7 ELISA assays for anti-GBM antibodies are highly 
sensitive and specific for anti-GBM disease. Up to 30% 
of patients with anti-GBM disease have a concurrent 
positive MPO-ANCA, which is associated with a higher 
mortality rate than those with ANCA alone.18 Ad-
ditional relevant serologic testing may include ANA, 
anti-dsDNA, cryoglobulins, complement levels, hepatitis 
serology, rheumatoid factor, anticyclic citrullinated pep-
tide (anti-CCP), antiphospholipid antibodies, and serum 
protein immunoelectrophoresis.17

Given the frequency of a concurrent infectious process in 
this population that often is immunocompromised, blood 
cultures and BAL with cell count, Gram stain, serology, 
cultures for bacteria and fungus, and rapid polymerase 
chain reaction (PCR) assays for respiratory viruses and 
atypical bacteria are recommended.1,17  

In critically ill patients, urgent kidney biopsy is preferred 
and indicated in the presence of AKI and an active uri-
nary sediment, with or without evidence of pulmonary 
hemorrhage. (See Figure 1: https://bit.ly/3ppz2Th) Open 
lung biopsy has a greater diagnostic yield than trans-

bronchial biopsy when the result of the kidney biopsy is 
inconsistent with the clinical and/or serologic profile, but 
it has a higher rate of complications.16,17

TREATMENT
The role of the intensivist in the management of PRS 
includes appropriate respiratory support and recognition 
and management of concurrent infection, hypovolemia, 
acute anemia, and coagulopathy. Co-management with 
consultants includes management of renal dysfunction 
and renal replacement therapy, and prompt initiation of 
immunosuppressive therapy when indicated.1,17 The goal 
of induction therapy is to achieve sustained remission by 
three months. Later remission, early relapse, or refractory 
renal dysfunction requiring RRT is associated with worse 
outcomes.16

The use of lung protective strategies is recommended in 
patients presenting with PRS and acute respiratory dis-
tress syndrome (ARDS) who require mechanical ventila-
tion.19 Cases with mild to moderate hypoxemia (PaO2/
FIO2 ratio > 150) and pulmonary infiltrates (< 50% of 
lung fields) without significant hemoptysis may be man-
aged with high flow oxygen.20 The role of noninvasive 
ventilation in PRS has not been evaluated systematically. 

Empiric antibiotic coverage targeting gram-positive and 
gram-negative bacteria is common until diagnostic stud-
ies return, and antifungal coverage with an echinocandin 
should be considered in patients with risk factors.1,11,17 
There is no indication that early initiation of RRT is 
beneficial in patients with GN and progressive AKI,21 and 
it is well-recognized that patients who require RRT have 
low rates of renal recovery.22 Acute blood loss anemia 
and coagulopathy are immune-mediated and often im-
prove with immusuppression.1,17

Anti-GBM disease carries the greatest morbidity and 
mortality and, therefore, is treated very aggressively. Cur-
rent treatment recommendations include high-dose  
glucocorticoids, cyclophosphamide, and plasma ex-
change (PLEX).23,24 Case reports suggest that rituximab 
may be useful in refractory cases of anti-GBM disease.25 
The largest and best-documented experience in anti-
GBM disease used high-dose prednisolone (1 mg/kg/day) 
tapered over six months, oral cyclophosphamide (2 mg/
kg/day) for two to three months, and daily PLEX  
(60 mL/kg with albumin or fresh frozen plasma if bleed-
ing is a risk) for 14 days or until anti-GBM antibody was 
no longer detectable.24,26 In a small randomized trial, the 
addition of PLEX to prednisolone and cyclophosphamide 
increased the proportion of patients with preserved renal 
function by 42%.27 The degree of crescent formation 
and interstitial injury on renal biopsy provides important 
prognostic information on the likelihood of renal recov-
ery.27 Therefore, kidney biopsy is essential to guide immu-
nosuppressive management in anti-GBM disease.23,24

https://bit.ly/3ppz2Th
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In those patients with AAV and SLE presenting with 
PRS, pulse dose methylprednisolone (500 mg to  
1,000 mg daily) for three days, followed by prednisone 
1 mg/kg/day in combination with rituximab (375 mg/
m2/week × four doses) has been shown to be noninferior 
to corticosteroids plus oral cyclophosphamide (2 mg/
kg/day) and azathioprine (2 mg/kg/day to 3 mg/kg/day) 
[CYC-AZA] for two to three months.28,29 An important 
determinant of therapy selection is treatment toxicity. 
Cyclophosphamide toxicity may include leukopenia, 
hemorrhagic cystitis, bladder cancer, infertility, and op-
portunistic infections, limiting its utility in younger and 
relapsed patients. Patients receiving cyclophosphamide 
should ensure adequate hydration and be prescribed 
mercaptoethane sulfonate (recommended if cyclophos-
phamide dose is > 1 g) and trimethoprim-sulfamethox-
azole to prevent hemorrhagic cystitis and Pneumocystis 
jiroveci pneumonia, respectively. Strategies that reduce 
cyclophosphamide exposure include intravenous admin-
istration, the use of alternative induction agents (such as 
rituximab), and early conversion to maintenance immu-
nosuppression.30 Pulse intravenous cyclophosphamide 
has efficacy equivalent to daily oral therapy in terms of 
survival and remission induction. However, pulse therapy 
results in an approximately 50% lower cumulative dose 
of cyclophosphamide.31 Side effects of rituximab include 
infusion reactions, anaphylaxis, opportunistic infections 
such as reactivation of tuberculosis, and progressive mul-
tifocal leukoencephalopathy.30

Most authors recommend the use of PLEX (60 mL/kg) 
in patients with PRS secondary to AAV, SLE, TTP, and 
APS, or in those patients with PRS and presenting with 
severe AKI requiring RRT.1,2,17,32,33,34 The PEXIVAS trial 
randomized a large number of patients with AAV compli-
cated with rapidly progressing GN or pulmonary hemor-
rhage to induction treatment with or without PLEX and 
high-dose vs. low-dose corticosteroids. The trial found 
that low-dose corticosteroids were not inferior and as-
sociated with less side effects, and also failed to show an 
improvement in renal outcomes with PLEX.35 Based on 
these results, PLEX should not be used in most patients 
with renal involvement. However, it is important to note 
that no GN patients in this study received a renal biopsy 
and only 9% had pulmonary hemorrhage. A subset of 
patients with severe, rapidly progressing GN and mini-
mal chronic parenchymal damage still may derive benefit 
from PLEX, especially those with markedly elevated 
ANCA titers who are approaching or require RRT.36 
PLEX also should be considered in patients with DAH 
given the trend toward benefit in this subgroup. Finally, 
patients who are double-seropositive for both ANCA and 
anti-GBM antibodies also should receive PLEX.37

Despite high rates of complete remission in the first 18 
months of therapy, relapse remains common and affects 
30% to 50% of patients treated with a cyclophospha-

mide-based regimen and 32% of patients receiving 
rituximab-based induction.29,30,38 The relapse risk predict-
ably is increased in the presence of high ANCA titers and 
following reconstitution of the B cell population after 
rituximab therapy.39,40

CONCLUSION
AAV, anti-GBM disease, and IC-mediated disease are the 
three main causes of immune-mediated PRS. ICU physi-
cians play a critical role in the early recognition and man-
agement of these patients, who have poor long-term renal 
outcomes and a significant mortality risk in untreated 
cases. The evaluation of PRS requires a comprehensive 
clinical assessment, urinalysis and microscopy, appropri-
ate serologic tests, and histopathology via urgent kidney 
biopsy. Initial induction therapy should include cortico-
steroids plus rituximab or a combination of CYC-AZA- 
corticosteroids. Although recent data have not dem-
onstrated a clear benefit of PLEX on renal outcomes, 
patients presenting with histologic evidence of rapidly 
progressing GN, severe pulmonary hemorrhage, or high 
titers of ANCA and/or anti-GBM antibodies still should 
be considered for this treatment.  
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Do We Really Know the Optimal Oxygen 
Target in Patients with ARDS?
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SYNOPSIS: In the LOCO2 study, a conservative oxygen strategy with SpO2 goals of 88% to 92% was not shown to improve mortality 
over a liberal oxygen strategy as hypothesized, but rather was found to have a worrisome signal of increased mortality and increased 
mesenteric ischemia.

SOURCE: Barrot L, Asfar P, Mauny F, et al. Liberal or conservative oxygen therapy for acute respiratory distress syndrome. N Engl J Med 
2020;382:999-1008. 
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In the management of acute respiratory distress syn-
drome (ARDS), clinicians traditionally target a partial 

pressure of arterial oxygen (PaO2) between 55 mmHg 
and 80 mmHg, or pulse oximetry (SpO2) between 88% 
and 95%.1 However, these oxygenation goals are not 
based on robust experimental data. Based on a feasibility 
study in the Netherlands, Barrot et al hypothesized that 
a conservative oxygen therapy would reduce mortality 
compared with a liberal oxygen strategy.2 

The LOCO2 (Liberal Oxygenation versus Conservative 
Oxygenation in Acute Respiratory Distress Syndrome) 
trial was a prospective, multicenter, randomized, open-la-
bel trial involving patients with ARDS. It was conducted 
in 13 intensive care units (ICUs) in France between June 
2016 and September 2018. Eligible patients were intu-
bated and on mechanical ventilation who met criteria for 
the Berlin definition of ARDS. Patients were randomized 
to the liberal-oxygen group (PaO2 target of 90 mmHg to 
105 mmHg, or SpO2 greater than 96%) or the conserva-
tive-oxygen group (PaO2 target between 55 mmHg to  
70 mmHg, or SpO2 88% to 92%) for the first seven days 
of mechanical ventilation with specified ventilation man-
agement and adjunctive therapy protocols. The primary 
outcome was death at 28 days. Secondary outcomes 
included death at day 90, Sequential Organ Failure As-
sessment (SOFA) scores, other medical complications, 
ventilator weaning success, and neurologic status. 

Of 396 eligible patients, 205 underwent randomization, 
and the final analysis included 99 in the conservative-
oxygen group and 102 in the liberal-oxygen group. 
During the protocol days, the conservative-oxygen group 
received lower FiO2 compared to the liberal-oxygen group 
and also had statistically significant lower PaO2 and SpO2 
levels. There was less use of prone positioning and lower 
positive end expiratory pressure (PEEP) levels in the con-
servative-oxygen groups. At 28 days, 34/99 patients in the 
conservative-oxygen group had died (34.3%) compared 
with 27/102 (26.5%) in the liberal-oxygen group, but this 
was not statistically significant (95% confidence interval 
[CI], -4.8 to 20.6). At 90 days, mortality was significantly 
higher in the conservative-oxygen group compared to 
the liberal-oxygen group (44/99 or 44.4% vs. 31/102 or 
30.4%; 95% CI, 0.7 to 27.2). The conservative-oxygen 
group also had significantly more mesenteric ischemia 
events compared to the liberal-oxygen group (5 vs. 0).  

The authors’ hypothesis of reduced mortality at 28 days 
with a conservative-oxygen approach was not confirmed 
in this study. Rather, they found a worrisome signal of 
increased mortality at 90 days and mesenteric ischemia. 
Because of these findings, the trial was stopped early.  

  COMMENTARY
LOCO2 was a well-designed, prospective, multicenter 
study, aiming to optimize oxygenation targets in ARDS. 

The authors were unable to support their hypothesis 
that conservative (lower) oxygenation at 88% to 92% 
would improve outcomes compared with liberal (higher) 
oxygenation at ≥ 96%, but actually found that outcomes 
might be worse. The authors described limitations that 
results could not be masked and that the lower oxygen 
targets may have exposed patients to unexpected and 
undetected hypoxemia.  

This was not the first study to compare liberal and 
conservative oxygen targets. In the OXYGEN-ICU3 
and CLOSE4 studies, the conservative groups had 
better outcomes compared to the liberal groups. The 
OXYGEN-ICU study, which targeted higher oxygen 
levels overall, with SpO2 goals of 94% to 98% and PaO2 
goals of 70-100 in the conservative group, showed lower 
mortality in the conservative compared to a standard 
group that allowed PaO2 values up to 150 mmHg or 
SpO2 between 97% and 100%. The CLOSE study was 
a feasibility study targeting similar goals as the LOCO2 
study, with SpO2 goals of 88% to 92% vs. ≥ 96%, and 
no significant differences were found. However, the 
conservative-oxygen arms of both of those trials had 
greater oxygen exposure compared with LOCO2, which 
had more hypoxemia. Subgroup analyses in OXYGEN-
ICU found the lowest mortality in those with median 
time-weighted PaO2 between 87 mmHg and 93 mmHg, 
and an increased mortality in the group with median 
time-weighted PaO2 between 54 mmHg and 81 mmHg. 

Based on LOCO2, I no longer confidently request that 
oxygen be lowered to target as near a PaO2 of 55 mmHg 
or an SpO2 of 88% as possible. In the era of COVID-19, 
our group has cautiously adopted a practice of target-
ing SpO2 of approximately 92% and higher, and PaO2 
greater than about 60 mmHg. Although it represents a 
bit of extrapolation of data, it has not felt like a signifi-
cant change in clinical practice, and I do not think it has 
delayed ventilator weaning or extubation. It has remind-
ed me to be flexible, and flexibility in many areas has 
been key as we adapt to changes during COVID-19. 

Based on the available data, I wonder if we should aim 
for PaO2 targets of 60 mmHg to 80 mmHg, 70 mmHg to 
90 mmHg, and SpO2 targets of 92% to 96%, or perhaps 
something else. I hope that further study will help us clarify 
exactly what oxygen level we should target, but I recognize 
that fine-tuning a study to target such small differences 
would be challenging to design and implement.  
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SYNOPSIS: In a large perioperative patient population, norepinephrine infusion through peripheral intravenous lines did not result in 
any significant adverse events. However, the specific patient population, limited duration of infusion, and hospital setting may limit the 
generalizability of these findings.

SOURCE: Pancaro C, Shah N, Pasma W, et al. Risk of major complications after perioperative norepinephrine infusion through peripheral 
intravenous lines in a multicenter study. Anesth Analg 2020;131:1060-1065.

This was a retrospective observational study aimed 
to estimate the risk of skin damage after accidental 

extravasation of norepinephrine through peripheral intra-
venous (PIV) lines. All adult patients undergoing general 
anesthesia were queried from January 2012 to January 
2016 at two medical centers in Amsterdam and Utrecht, 
Netherlands, to identify patients receiving norepineph-
rine via peripheral infusion. The primary outcome was 
documentation of extravasation linked to norepinephrine 
peripheral infusion, graded by severity: grade 1 (intact 
skin), grade 2 (blanched skin, erythema), grade 3 (necro-
sis/ulceration causing severe tissue damage warranting 
surgical intervention), grade 4 (life-threatening warrant-
ing immediate intervention), and grade 5 (death). Stan-
dard norepinephrine PIV infusions used were 20 mcg/mL 
with an infusion dose range between 0.01 mcg/kg/min to 
0.02 mcg/kg/min to start, titrated to blood pressure goal, 
resulting in a total volume per hour of 2 mL/hour to  
15 mL/hour.

During the study time period, 14,385 patients received 
general anesthesia as well as PIV norepinephrine while 
undergoing surgery. Of these patients, five (0.035%) had 
an extravasation event, for an estimated risk of one to 
eight events per 10,000 patients (95% confidence interval 
[CI], 0% to 0.0271%). None of the patients had a sever-
ity score greater than 1; all complications were minor and 
resolved without further intervention or permanent skin 
damage. The norepinephrine infusions that extravasated 
were in a dose range of 0.02 mcg/kg/min to 0.05 mcg/kg/
min, and the total median duration of infusion was 20 
minutes (interquartile range [IQR] 20-25 minutes). The 
median administered dose was 40 mcg (IQR 35 mcg to 

50 mcg), the total estimated dose that extravasated was 
33 mcg to 80 mcg, consisting of a volume of 1.67 mL to 
4 mL.

  COMMENTARY
It has been documented that when peripheral norepi-
nephrine extravasation does occur, damage can be 
severe, resulting in skin necrosis and potentially limb 
amputation.1,2 These findings, however, are mainly on the 
case report level. Results of this study suggest that PIV 
infusion of norepinephrine is safe and rarely associated 
with adverse events related to extravasation; in particular, 
short- or long-term complications were not observed. 

However, a few points are worth mentioning when con-
sidering the results from this study. First, the duration of 
infusion was very brief, and the resultant volume of nor-
epinephrine that extravasated was relatively small. Sec-
ond, which relates to the first point, these patients were 
monitored in the operative setting by vigilant anesthesi-
ologists who could provide direct surveillance and detect 
the complication within minutes, thereby limiting tissue 
exposure. Third, this cohort of perioperative surgical 
patients was unlikely to experience massive circulatory 
shock, and their vasopressor needs likely were minimal. 
Fourth, the authors mentioned that the study’s academic 
centers have been using norepinephrine peripheral infu-
sions for a decade, and their low incidence of adverse 
events may be related to accumulated daily experience 
that has become a part of their routine practice.

Outside the perioperative setting, other studies have 
found that peripheral infusion of norepinephrine and 

2016;44:554-563.
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1.  What is the most common cause of pulmonary-
renal syndrome?
a. Systemic lupus erythematosus
b. Anti-neutrophil cytoplasmic antibodies 
(ANCA)-associated vasculitis 
c. Hydralazine
d. Antiphospholipid antibody syndrome

2.  A patient is admitted to the intensive care unit 
(ICU) with pulmonary-renal syndrome. Which 
of the following predicts high mortality?
a. High titers of myeloperoxidase (MPO)-
ANCA
b. Proteinuria ≥ 1 g/24 hours
c. Hypertension
d. Co-existence of anti-glomerular basement 
membrane (anti-GBM) and MPO-ANCA 
antibodies 

3.  Based on the LOCO2 study, which of 
the following was found to be true about 
oxygenation targets? 
a. A conservative oxygen target with SpO2 of 
88% to 92% was found to improve mortality 
at 28 days. 

b. A liberal oxygen target with SpO2 of  
> 96% was found to improve mortality at 28 
days. 
c. A worrisome signal of increased mortality 
at 90 days was found with a conservative 
oxygen target of SpO2 of 88% to 92%. 
d. Optimal mortality benefit at 90 days was 
found with a moderate oxygen target of SpO2 
of 92% to 96%.

4.  In the study by Pancaro et al, which of the 
following statements is true regarding the use 
of norepinephrine infusions through peripheral 
intravenous lines?
a. Twenty percent of patients had an 
extravasation event.
b. Most of the extravasation events were 
grade 2 or higher.
c. A clinically significant portion of patients 
required plastic surgery intervention.
d. The median duration of infusion was brief 
(~20 minutes). 

other vasopressors is associated with a higher 
rate of extravasation, although the overall 
complication rates remain low. In a prospective 
observational study of patients in circulatory 
shock conducted in the emergency depart-
ment, three out of 55 (6% of those receiving 
norepinephrine) had complications, two with 
local extravasation and one who developed 
thrombophlebitis, and none of whom required 
further intervention.3 

Other studies focusing on intensive care unit 
(ICU) patients also have found a low rate 
of complications. Lewis et al evaluated 202 
patients in the ICU receiving intravenous (IV) 
vasopressors for a total median of 11.5 hours.4 
Most patients (72%) received norepinephrine at 
a concentration of 16 mcg/mL, with the median 
dose being 0.08 mcg/kg/min (range 0.04 mcg/
kg/min to 0.13 mcg/kg/min). The extravasation 
rate was 4% (n = 8), all of which were either 
grade 1 or 2 events, and none of which required 
other interventions beyond removal of the PIV. 

Similarly, Cardenas-Garcia et al reported 19 
cases (2%) of extravasation among 734 ICU 
patients receiving peripheral vasopressors for 
a duration of 49 ± 22 hours, with the high-
est dose 0.70 ± 0.23 mcg/kg/min.5 There was 
no documented tissue damage or infections 
at the extravasation sites. Notably, this study 
developed a detailed protocol for administering 
vasopressor medications through a PIV, which 
included use of a vein > 4 mm on ultrasound, 
IV gauge size of 20 or 18, no hand/wrist/ante-

cubital fossa positions, assessment of peripheral 
IV access every two hours by nursing, and a 
maximum duration of 72 hours for peripheral 
IV use. In addition, they formulated a protocol 
for treatment of extravasation, which included 
the administration of phentolamine injection 
and the application of nitroglycerin paste to the 
area.

Taken together, the data suggest that short-term 
PIV infusion of norepinephrine likely is safe, 
with the incidence of extravasation being rare 
and unlikely to cause significant tissue damage 
when it does occur. However, it is important to 
keep in mind that vigilant surveillance of the PIV 
site, as well as other best clinical practices that 
may include ensuring the PIV is within the vein 
through ultrasound and/or blood return, and 
appropriate PIV positioning, are warranted.  
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