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Inflammatory distributive shock (IDS) has been, and 
will continue to be, an appropriate obsession of the 
critical care community (1). Our understanding of the 

biology of this complex and heterogeneous condition is 
extensive but incomplete (2, 3). A cardinal feature is rela-
tive vasoplegia, which may result in a compensatory high 
cardiac output state or be further compounded by acute 
(or acute-on-chronic) myocardial depression (4). One 
of the key endogenous mediators of the vasoplegia is the 
excessive, perivascular production of nitric oxide (NO) (5). 
This has long been considered a maladaptive, phenotypic 
response and hence a target for therapeutic intervention. 
Thus, in this issue of Critical Care Medicine, an illustri-
ous collaboration of European investigators (6) report the 
results of the multicenter, randomized, placebo-controlled 
phase III Study of pyridoxalated hemoglobin polyoxyeth-
ylene (PHP) in patients with vasopressor resistant IDS, the 
PHEONIX trial.

In the quest to find an alternative to RBC transfusion, 
hemoglobin solutions have been the subject of considerable 
research efforts for over 30 years (7). Despite these efforts, a 
viable alternate to RBC transfusion remains elusive. Just one of 
many reasons for this state of affairs is the unwanted side effect 
that such solutions scavenge NO, thereby causing pulmonary 
and systemic hypertension. This discovery led to the obvious 
question of whether this effect could be exploited to reverse the 
vasoplegia of IDS and thereby improve outcomes.

PHP is one such candidate solution. It is manufactured 
by lysing outdated human RBCs, purifying the hemoglobin, 
subjecting it to pyridoxalation (in order to reduce the oxygen 
affinity), and then coating the toxic hemoglobin molecules in 
the homo-bifunctional molecule, polyoxyethylene (to increase 
the molecular hydrodynamic volume) (8). By happy chance, 
this process also captures ~90% of the soluble RBC enzymes 
including catalase and superoxide dismutase. Thus, not only 

do you get a NO scavenging solution but a potent antioxi-
dant to boot. Given the important role attributed to unwanted 
oxidation in IDS (9, 10), this additional action might also be 
beneficial. What PHP does not do is deliver oxygen; in fact, it 
probably acts as an oxygen sink (11). Of note, PHP has a circu-
latory half-life of ~36 hours (12, 13).

The design, conduct, and reporting of the PHEONIX 
trial is, in most respects, exemplary. In order to recruit suf-
ficient numbers of patients to adequately power the trial, 
61 centers in six countries participated. Even then, after 28 
months, only 377 of the planned 454 patients (83%) had 
been recruited, an average of six patients per center with one 
every 4.5 months, a fact that may explain the per-protocol 
population of only 266 patients. At this time, the study was 
terminated, as the planned interim safety analysis showed a 
10% greater mortality and an increased prevalence of serious 
adverse events in the treatment arm. Furthermore, there was 
a more pronounced excess mortality in the PHP group, in a 
priori subgroup analyses, based on median, time 0, plasma 
nitrite/nitrate levels (lower 50%); median, study entry, 
Sequential Organ Failure Assessment (SOFA) scores (higher 
50%); and in the upper 2 ascending quartiles of cumulative 
PHP dose. It is noteworthy that the Kaplan-Meier 90-day 
mortality curves start to separate at day 5 suggesting that 
if PHP toxicity does occur, it takes days to affect mortality. 
Given the somewhat counter intuitive associations between 
lower nitrite/nitrate levels, higher SOFA scores, and excess 
mortality in the PHP group, I would encourage the authors 
to publish more detailed data and analyses.

The PHEONIX trial follows a significant number of large-
scale, high-profile, failed, pleiotropic, magic bullet trials in IDS, 
and as such, the authors have to not only account for their neg-
ative result but also reflect on similar trials (1). It is also worth 
reflecting on the results of this study in light of the emerging 
negative data with regard to RBC transfusion in patients with 
sepsis (14–16).

The preceding phase 2 study showed that PHP appeared 
to be safe, efficacious in normalizing cardiovascular physiol-
ogy, and produced a nonstatistically significant signal toward a 
morbidity and mortality benefit, with the obvious caveat that 
it was not powered to reliably detect such a signal (17). The 
62 patients in the phase 2 study (randomized, 33 to the PHP 
group and 29 in the placebo group) were, if anything, sicker 
(mean Acute Physiology and Chronic Health Evaluation II of 
31.6 in the phase 2 vs 26.8 in the phase 3 study), and yet, the 
sicker 50% subgroup in the phase 3 study faired significantly 
worse (28-day mortality 60.9% in the PHP group vs 39.2% 
in the placebo group). In most other respects, the two studies 
appear reasonably comparable.

In the phase 2 study, the unadjusted 28-day mortality 
of both groups was 58%. In the power calculation for the 
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phase 3 study, the 28-day mortality estimate used for the 
placebo group was 78%. In the trial, the 28-day mortality in 
the placebo group was 38%. Again, this parallels the find-
ings of all previous magic bullet trials, in which the mor-
tality estimates for the placebo groups have been widely in 
excess of those observed. In this trial, it is hard to argue that 
this underpowers the results to detect a small but clinically 
valuable effect given the evidence of harm as opposed to 
the lack of efficacy.

The groups in the PHEONIX trial appear well matched, 
with the uninterpretable exception of the very limited 
cardiac index data in the supplemental data file (17 PHP 
patients [9%] and 19 controls [10%]) and the number 
of patients receiving dobutamine at study entry (43 in 
the PHP group [23.9%] vs 23 in the controls [12.0%]). 
Due to requested brevity, it is unclear whether the groups 
were matched for frailty and/or comorbidities (given the 
median age of 66), but I suspect the authors recorded 
this information and would have reported any significant 
differences.

The protocolized cardiovascular elements of care in this 
trial struck a reasonable balance between detail and pragma-
tism and certainly adhere to a broad consensus view of best 
practice.

In a recent special article in Critical Care Medicine (1), 
which starts with Einstein’s poignant definition of insan-
ity, a group of notable experts in the field reflect upon the 
pleiotropic magic bullet trials in IDS and ask the questions, 
what have we learned and how should we design future 
interventional trials? In light of these trials, let alone with 
the addition of the PHEONIX trial, and unlike these lumi-
naries, I would argue that we should stop doing magic bul-
let trials in IDS. The inflammatory response represents the 
prosurvival response to injury, it has evolved over millen-
nia and is astonishingly complex (18). All of our relatively 
simplistic attempts to block or enhance single elements of 
this response have met with either failure or caused sig-
nificant iatrogenic harm. Instead, let us expend our efforts 
on understanding this condition better. In the near future, 
interventional trials should continue to inform us how best 
to apply the blunt instruments of supportive care that we 
have (19, 20). Such trials are arguably responsible for the 
dramatic improvements in mortality that we have made 
over recent years, perhaps most eloquently demonstrated 
by the large discrepancies between estimated and observed 
mortality rates in the placebo arms of the magic bullet 
trials.

REFERENCES

recombinant human activated protein C? Crit Care Med 2014; 

septic shock. Lab Invest

of microcirculatory dysfunction and the pathogenesis of septic shock. 
Virulence

matter. Pathobiology

Intensive Care 
Med

Crit Care Med 

Annu Rev Biomed Eng 

Free Radic Biol Med 2000; 

 9. Andrades MÉ, Morina A, Spasić
Crit Care

couples metabolism and inflammation. J Leukoc Biol 2012; 

Arch Surg 2004; 

Biomater Artif 
Cells Artif Organs

based oxygen carrier. Acta Clin Belg

impair vascular function in vivo. Transfusion

older stored red blood cells. Redox Biol

JAMA

hemoglobin polyoxyethylene in distributive shock. Crit Care Med 

Cell

N Engl J Med 2014; 

N 
Engl J Med

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Critical Care Medicine www.ccmjournal.org 57

(ZIEL 2). Dr. DeAngelo was employed by Apex Bioscience. The remaining 
authors disclosed that they do not have any potential conflicts of interest.
For information regarding this article, E-mail: jlvincen@ulb.ac.be

Objective: To compare the effectiveness and safety of the hemo-
globin-based nitric oxide scavenger, pyridoxalated hemoglobin 
polyoxyethylene, against placebo in patients with vasopressor-
dependent distributive shock.
Design: Multicenter, randomized, placebo-controlled, open-label 
study.
Setting: Sixty-one participating ICUs in six European countries 
(Austria, Belgium, Germany, the Netherlands, Spain, and United 
Kingdom).
Patients: All patients admitted with distributive shock, defined as the 
presence of at least two systemic inflammatory response syndrome 
criteria, persisting norepinephrine dependence and evidence of organ 
dysfunction/hypoperfusion despite adequate fluid resuscitation.
Interventions: Patients were randomized to receive 0.25 mL/kg/hr 
pyridoxalated hemoglobin polyoxyethylene (20 mg Hb/kg/hr) or an 
equal volume of placebo, infused for up to 150 hours, in addition 
to conventional vasopressor therapy.
Measurements and Main Results: The study was stopped after 
interim analysis showed higher mortality in the pyridoxalated hemo-
globin polyoxyethylene group and an increased prevalence of adverse 
events. At this time, 377 patients had been randomized to pyridoxa-
lated hemoglobin polyoxyethylene (n = 183) or placebo (n = 194). 
Age, gender, type of patient (medical/surgical), and Acute Physiol-
ogy and Chronic Health Evaluation II scores were similar between 
groups. Twenty-eight–day mortality rate was 44.3% in the pyridox-
alated hemoglobin polyoxyethylene group versus 37.6% in the pla-
cebo group (OR, 1.29; 95% CI, 0.85–1.95; p = 0.227). In patients 
with higher organ dysfunction scores (Sepsis-related Organ Failure 
Assessment > 13), mortality rates were significantly higher in the pyri-
doxalated hemoglobin polyoxyethylene group when compared with 
those in placebo-treated patients (60.9% vs 39.2%; p = 0.014). Sur-
vivors who received pyridoxalated hemoglobin polyoxyethylene had a 
longer vasopressor-free time (21.3 vs 19.7 d; p = 0.035).
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Conclusions: In this randomized, controlled phase III trial in 
patients with vasopressor-dependent distributive shock, adminis-
tration of a pyridoxalated hemoglobin solution decreased the need 
for vasopressors but was associated with a trend to increased 
mortality. (Crit Care Med 2015; 43:57–64)
Key Words: distributive shock; nitric oxide; nitric oxide scavenger; 
pyridoxalated hemoglobin polyoxyethylene; vasopressors

Distributive shock is characterized by hypotension 
occurring as the result of a marked reduction in 
systemic vascular resistance, with a normal or high 

cardiac output, and evidence of organ dysfunction and/or 
hypoperfusion. Septic shock is the most common cause of dis-
tributive shock and a leading cause of death in patients admit-
ted to the ICU (1).

Among patients with distributive shock, those with myo-
cardial depression and reduced responsiveness to the adren-
ergic effects of catecholamines have worse outcomes (2–6). 
Norepinephrine requirements greater than 0.5–1.0 μg/kg/min 
have been associated with mortality rates greater than 87% 
(4–6), and threshold catecholamine values have been used 
in clinical trials to define a specific group of catecholamine-
resistant patients with a high risk of death (7–9). Nitric oxide 
(NO) is a key mediator involved in the pathogenesis of sep-
tic shock. In addition to playing an important role in vascular 
relaxation and hypotension (10), NO is also incriminated in 
the myocardial depression (11), desensitization of adrener-
gic receptors (12, 13), cellular damage, and bioenergetic dys-
function (14, 15) induced by sepsis. Despite improving blood 
pressure (16), attempts to inhibit NO  synthesis by inhibiting 
NO synthase (NOS) were associated with increased mortality 
rates in patients with septic shock (17). Indeed, NO has benefi-
cial and detrimental effects, so that indiscriminately blocking 
NO synthesis may be harmful (10). NO scavenging, in which 
excess NO is removed from the circulation, offers an alterna-
tive approach, potentially allowing beneficial intracellular NO 
activities to continue (10, 18).

Pyridoxalated hemoglobin polyoxyethylene (PHP) is a 
human-derived, chemically modified hemoglobin that binds 
NO in a manner identical to that of native hemoglobin (19) 
and can also oxidize NO to nitrate, a nontoxic metabolite pri-
marily cleared by the kidney. In addition to its NO scavenging 
effects, PHP has oxygen-carrying, antioxidant, and peroxyni-
trite scavenging properties (19). It may thus act to restore vas-
cular tone, increase oxygen delivery, and reduce oxidative and 
nitrosative stress. A phase II multicenter, randomized, placebo-
controlled study evaluating the effects of PHP in 62 patients 
with distributive shock demonstrated a rapid increase in sys-
temic blood pressure, a shorter time on mechanical ventilation 
and, importantly, no increase in adverse events—including 
those related to low cardiac output or pulmonary hyperten-
sion—in patients receiving PHP when compared with placebo 
(20). The current phase III study was undertaken to confirm 
the efficacy and safety of a continuous infusion of PHP when 

compared with placebo in patients with vasopressor-depen-
dent distributive shock.

PATIENTS AND METHODS

Study Design
This multicenter, randomized, placebo-controlled, open-
label, phase III study (EU Clinical Trials Register at https://
www.clinicaltrialsregister.eu, trial no 2008-000504-92) was 
conducted from June 2009 to October 2011 in patients with 
norepinephrine-dependent distributive shock. The protocol 
was approved by the institutional review board of each par-
ticipating center, and written informed consent was obtained 
from each patient or their next-of-kin. Adult (≥18 years old) 
patients admitted to one of 61 participating centers in six Euro-
pean countries (Austria, Belgium, Germany, The Netherlands, 
Spain, and United Kingdom) were included provided they met 
at least two SIRS criteria (21) within the 48-hour period before 
randomization and, despite adequate fluid resuscitation, had 
an ongoing requirement for norepinephrine at an infusion 
dose of greater than or equal to 0.3 μg/kg/min for at least 1 
hour but less than 36 hours to maintain a mean arterial blood 
pressure (MAP) between 65 and 80 mm Hg. Exclusion criteria 
included lack of consent, suspicion of or active treatment for 
coronary artery disease, known hypersensitivity to blood prod-
ucts, end-stage liver disease (Child-Pugh C), c or likely early 
death from any condition other than shock (full exclusion cri-
teria are given in Appendix 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/B23).

Using a centralized, 24-hour/7-d interactive voice random-
ization system (details in Appendix 2, Supplemental Digital 
Content 1, http://links.lww.com/CCM/B23), patients were ran-
domized in a 1:1 ratio to receive either PHP or placebo (0.9% 
sodium chloride [NaCl]) within 2 hours of randomization in 
addition to standard medical care. PHP (80 mg Hb/mL) or 0.9% 
NaCl was administered by continuous intravenous infusion at 
0.25 mL/kg/hr for a maximum of 150 hours (maximum total 
dose of active drug, 3,000 mg/kg). The dose rate of PHP or 0.9% 
NaCl was held constant throughout the study period. Because of 
the red color of the PHP solution, treatment could not be blinded. 
If hypovolemia was suspected, fluid challenges were recom-
mended at a rate of 500–1,000 mL for a 30-minute period using 
either crystalloid or colloid. Fluid challenges were repeated until 
there was no further increase in stroke volume. Norepinephrine 
doses were titrated to maintain MAP between 65 and 80 mm 
Hg. Provided that fluid resuscitation was adequate, dobutamine 
was administered if the cardiac index (CI) decreased to less than 
2.5 L/min/m2 and/or central venous oxygen saturation (ScvO

2
) 

decreased to less than 70%. Dobutamine was started at 5 mcg/
kg/min and increased by 5 mcg/kg/min increments at 15-minute  
intervals until CI was greater than or equal to 2.5 L/min/m2, or 
a maximum dose of 20 mcg/kg/min was reached. Drotrecogin 
alfa (activated) and corticosteroids were used according to each 
unit’s standard operating procedure.

Vasopressors were weaned by protocol. If MAP was greater 
than or equal to 80 mm Hg, norepinephrine doses were 
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decreased; if the MAP remained greater than or equal to 80 mm 
Hg once norepinephrine was discontinued, the PHP or 0.9% 
NaCl was stopped. At least once a day, according to each unit’s 
standard operating procedure, there was an attempt to reduce 
and/or withdraw norepinephrine therapy. If hypotension (MAP 
< 65 mm Hg) recurred after stopping the clinical trial drug, the 
PHP or 0.9% NaCl was restarted provided the 150-hour cumula-
tive time limit for re-infusion had not been exceeded; treatment 
with norepinephrine was continued/reinstituted as needed.

Initial patient assessment included complete medical history, 
physical examination, 12-lead ECG, and blood for full blood 
count, coagulation studies (prothrombin time, activated partial 
thromboplastin time), lactate, nitrite/nitrate (NOx), and serum 
chemistry including electrolytes and liver function tests, blood 
urea nitrogen (BUN), creatinine, uric acid, glucose, total pro-
tein and albumin, iron with total iron binding capacity, lipase, 
amylase, troponin T and I, and CK-MB. Acute Physiology and 
Chronic Health Evaluation (APACHE) II (22) and Sepsis-related 
Organ Failure Assessment (SOFA) (23) scores were calculated.

Hemodynamic measurements included blood pressure, 
heart rate, stroke volume, cardiac output, and central venous 
pressure. Arterial and venous blood samples were obtained for 
measurement of PaO

2,
 SaO

2
, and ScvO

2
 and calculation of global 

oxygen delivery and consumption. The fraction of inspired 
oxygen (F

I
O

2
) was noted. Blood pressure and heart rate were 

recorded at baseline, every 4 hours for the first 24 hours, then 
every 8 hours until day 7; arterial blood gases, ScvO

2
/SvO

2
, 

and blood lactate values were recorded daily; laboratory data, 
including NOx levels, were recorded on days 1, 3, 7, and 14.

All adverse events were reported. Serious adverse events 
were defined as any unintended or unfavorable sign, symptom, 
or disease that occurred during the course of the study and 
resulted in death, or was life-threatening, required inpatient 
hospitalization or prolongation of existing hospitalization, 
resulted in persistent or significant disability/incapacity, or was 
judged medically important. In view of concerns regarding 
potential cardiovascular adverse effects with NOS inhibitors 
(24), a clinical events committee of three experts was estab-
lished to conduct a blinded, adjudicated review of all adverse 
events suggestive of cardiac ischemia on an ongoing basis. This 
committee was responsible, using prospective definitions, for 
the final diagnosis of a cardiac event.

Statistical Analysis
The primary endpoint was 28-day all-cause mortality. Second-
ary endpoints included all-cause mortality at days 3, 7, 14, 21, 
60, and 90; survival time; survivor days in the ICU; survivors’ 
hospital LOS; duration of vasopressor therapy; and duration of 
mechanical ventilation. The study was designed to enroll 454 
patients, based on assumed 28-day mortality rates of 78% for 
the placebo arm (derived from a database of > 5,000 patients 
with septic shock [A. Kumar, unpublished data, 2014]) and 
63% for the PHP arm. A study of this size would have approxi-
mately 90% power to detect a 15% relative reduction in 
mortality at the 5% significance level. A Data and Safety Moni-
toring Board (DSMB), composed of experienced, senior-level 

intensivists, a bioethicist, and a statistician, reviewed the safety 
aspects of the ongoing trial. Interim analyses for safety were 
conducted after enrollment of the first 25%, 50%, and 75% of 
randomized patients had completed their 28-day follow-up, 
and for efficacy after 28-day follow-up of the first 50% and 
75% of randomized patients. Analysis of futility, considering 
the primary endpoint only, could be conducted, at the request 
of the sponsor, after 50% and 75% of patients had completed 
their 28-day follow-up. Full details of the stopping rules are 
provided in the Appendix 3 (Supplemental Digital Content 1, 
http://links.lww.com/CCM/B23).

Three main populations were identified for the statistical 
analyses: Intention-to-treat (ITT) population, including all 
randomized patients; a safety population, which included only 
patients who received some study medication; and a per-pro-
tocol population, consisting of patients who were randomized 
and evaluated in compliance with protocol requirements and 
received a minimum of 250 mL of study medication.

The significance of any differences between PHP- and pla-
cebo-treated patients was analyzed using SAS statistical pack-
age version 9.0 (SAS, Cary, NC). Demographics and baseline 
characteristics were analyzed using chi-square tests for cat-
egorical data and t tests for continuous variables. Each of the 
continuous outcome measures was evaluated using an ANOVA 
model, including main effects for treatment (PHP vs placebo). 
Data are expressed as mean (SD) unless otherwise indicated. 
Statistical significance was defined as a P value of less than 0.05.

RESULTS

Study Population
The trial was terminated by the sponsor based on a recom-
mendation by the DSMB following an interim analysis show-
ing a 10% greater mortality rate in PHP-treated patients, and 
an increased prevalence of serious adverse events related to 
hepatic and respiratory dysfunction. At this point, 377 patients 
had been enrolled (ITT population) with 183 randomized to 
the PHP group and 194 to the placebo. Overall, 163 patients 
in the ITT population (43.2%) had treatment discontinued; 
85 (46.4%) in the PHP group and 78 (40.2%) in the placebo 
group (Fig. 1). Death was the most common reason for dis-
continuation (74 [40.4%] PHP and 72 [37.1%] placebo). Six 
patients (three in each group) received no study drug so the 
safety population included 371 patients. The per-protocol pop-
ulation comprised 266 patients (138 PHP and 128 placebo).

Demographics
The two groups were similar in terms of baseline demograph-
ics (Table 1), except that the SOFA score was higher in the PHP 
group (13.8 vs 12.8 placebo; p = 0.002). As anticipated, sep-
sis was by far the most common cause of distributive shock, 
with 93% of patients receiving antimicrobials. The majority of 
patients in both PHP (152 [84%]) and placebo (152 [80%]) 
groups received mechanical ventilation. The median NOx level 
at baseline was 62 μM (normal < 20 μM): 64 μM in the PHP 
group and 59.5 μM in the placebo group.

http://links.lww.com/CCM/B23
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Efficacy
The 28-day all-cause mortality rate was 44.3% (n = 81) in the 
PHP group and 37.6% (n = 73) in the placebo group (OR, 1.29; 
95% CI, 0.85–1.95; p = 0.227). The primary cause of death was 
multiple organ failure (MOF), reported in 39 of the PHP patients 
(21.3%) and 29 of the placebo group (14.9%) (Table 2). 
Ninety-day mortality rates were also similar (49.2% PHP  
[n  = 90] vs 44.3% placebo [n = 86]; p = 0.35) (Fig. 2).

There was a significant difference in favor of PHP in vaso-
pressor-free survival time (mean, 21.3 vs 19.7 d; p = 0.04). 
Mechanical ventilator-free survival time was similar in the two 
groups (15.4 PHP d vs 13.9 d placebo; p = 0.346), and there 
were no significant differences in other secondary outcome 
measures. The evolution of hemodynamic variables was simi-
lar between groups (Table S1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/B23).

In a priori–defined sub-group analyses, mortality in 
patients with a greater severity of illness (defined as values 
above the median SOFA score of 13) was significantly higher 
in PHP-treated patients (60.9% vs 39.2% placebo; p = 0.014). 
In patients with baseline NOx less than or equal to 62 μM, 
mortality rates were 48.8% in the PHP group (n = 81) ver-
sus 36.8% in placebo patients (n = 93) (p = 0.148), whereas 
in patients with higher (> 62 μM) NOx levels, mortality rates 
were 37.5% (n = 87) for PHP-treated patients versus 40.2%  
(n  = 82) for placebo patients (p = 0.65). In patients receiving 
total PHP doses less than 620 mg/kg, between 620 and 1,150 mg/
kg, between 1,150 and 2,510 mg/kg, or greater than 2,510 mg/
kg, mortality rates were 40.8% (n = 20), 38.6% (n = 22), 45.2% 
(n  = 19), and 59.4% (n = 19), respectively. In a post hoc analysis 
of patients receiving corticosteroids at randomization, 47.1% 
(n = 49) of the PHP group died when compared with 37.5% 
(n = 45) of the placebo group (p = 0.179); this compares with 
mortality rates of 40.5% (PHP, n = 32) and 37.8% (placebo,  
n  = 28) (p = 0.79) in those not receiving corticosteroids.

Safety
The mean (SD) days of exposure to study drug (PHP or pla-
cebo) was 5.0 (4.2) days in the PHP group and 5.5 (3.6) days 
in the placebo group. The mean (SD) daily average dose of 
study drug (PHP or placebo) was 266.0 (97.0) mg/kg/d in the 
PHP group and 300.2 (97.6) mg/kg/d equivalent in the pla-
cebo group; the mean cumulative dose of study drug (PHP 
or placebo) received was 1289.7 mg/kg in the PHP group and 
1722.8 mg/kg equivalent in the placebo group.

A total of 166 patients in the PHP group (92.2%) and 180 in 
the placebo group (94.2%) were reported as having at least one 

TABLE 1. Baseline Patient Demographics 
(Safety Population)

Pyridoxalated  
Hemoglobin  

Polyoxyethylene  
(n = 180)

Placebo  
(n = 191)

Age (yr), median (range) 65.0 (21–87) 67.0 (23–88)

Men, n (%) 112 (62.2) 109 (57.1)

Medical/surgical, n 91/89 88/103

Acute Physiology and 
Chronic Health 
Evaluation II, mean (SD)

27.3 (7.7) 26.3 (7.8)

Sepsis-related Organ 
Failure Assessment 
score, mean (SD)

13.8 (3.2) 12.8 (2.9)a

Hemoglobin (g/dL),  
mean (SD)

10.4 (2) 10.6 (1.8)

Lactate, mean (SD) 4.4 (3.6) 4.0 (3.5)

Plasma NOx (nitrite/nitrate), n (%)

    ≤ 62 μM 82 (45) 95 (49)

    > 62 μM 88 (48) 82 (42)

Adjunct therapy n (%)

    Corticosteroids 103 (57.2) 119 (62.3)

    Drotrecogin alfa 17 (9.4) 20 (10.5)

    Norepinephrine 180 (100) 189 (99)

    Other vasopressor 0 (0) 2 (1)

    Dobutamine 43 (23.9) 23 (12.0)

    Vasopressin 2 (1.1) 5 (2.6)

    Amiodarone 24 (13.3) 18 (9.4)

Mechanical ventilation,  
n (%)

152 (84.4) 152 (79.6)

Renal replacement therapy, 
n (%) (within 24 hr 
before randomization)

34 (18.9) 31 (16.2)

Red blood cell transfusion, 
n (%) (within 24 hr 
before randomization)

37 (20.6) 44 (23.0)

ap = 0.002.

Figure 1. Patient disposition during study. PHP = pyridoxalated 
hemoglobin polyoxyethylene.
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treatment-emergent adverse event (p = 0.44). At least one adverse 
event considered to be related to study treatment was reported in 
36 PHP-treated (20%) and 16 placebo-treated patients (8.4%)  
(p  = 0.001). At least one serious adverse event was reported for  
101 PHP-treated (56.1%) and 121 placebo-treated patients 
(63.4%) (p = 0.16) (Table 3; Table S2, Supplemental Digital 
Content 1, http://links.lww.com/CCM/B23). Serious adverse 
events classified as hepatobiliary disorders were reported 

more frequently in the PHP group (n = 8 [4.4%]) when 
compared with placebo (n = 8 [1.0%]), but this may be 
explained, in part, by interference of PHP with analytical 
methods used for liver enzyme measurement. Thirty seri-
ous adverse events in the PHP group and nine in the pla-
cebo group were considered as possibly or probably related 
to the study drug. The prevalence of cardiac ischemic 
events and change in troponin levels over time were similar 
between groups (Table S3, Supplemental Digital Content 1,  
http://links.lww.com/CCM/B23). The overall prevalence of 
serious respiratory events was similar between the groups  
(17 [9.4%] PHP vs 15 [7.9%] placebo), but there was a numer-
ically higher number of reports of pulmonary hypertension in 
the PHP-treated patients (5 [2.8%] PHP vs 0 [0%] placebo).

Discontinuation of study drug because of adverse events 
was reported for 39 patients in the PHP group (21.7%) and 
28 patients in the placebo group (14.7%) (p = 0.08). The most 
common adverse events leading to discontinuation were car-
diac, gastrointestinal, and vascular disorders.

DISCUSSION
Despite a sound rationale and promising results from a phase 
II study (20), this multicenter phase III trial failed to show 
improved outcomes with administration of the NO scavenger 

TABLE 2. Causes of Death in the Two Groups
Primary Cause  
of Death  
(Not Mutually 
Exclusive)

Pyridoxalated  
Hemoglobin  

Polyoxyethylene  
(n = 183)

Placebo  
(n = 194) Total

Multiple organ 
failure (%)

39 (21.3) 29 (14.9) 68 (18.0)

Worsening 
sepsis (%)

11 (6.0) 14 (7.2) 25 (6.6)

Shock (%) 9 (4.9) 7 (3.6) 16 (4.2)

Respiratory 
failure (%)

2 (1.1) 2 (1.0) 4 (1.1)

Other (%) 21 (11.5) 21 (10.8) 42 (11.1)

Unknown (%) 2 (1.1) 3 (1.5) 5 (1.3)

Figure 2. Kaplan–Meier curves of mortality at 90 days for the pyridoxalated hemoglobin polyoxyethylene (stars) and placebo (circles) groups, p = not significant.
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PHP when compared with placebo. Although the duration of 
vasopressor therapy was shorter with PHP, there were no signif-
icant differences in mortality rates between groups at 28 and 90 
days, but numerical values were higher in PHP-treated patients.

NO plays a key role in the hypotension and vascular hypo-
responsiveness that is characteristic of septic shock (10, 12). 
In experimental studies, PHP enhanced vascular tone and 
increased arterial pressure, an effect at least, in part, related to 
its NO-scavenging properties (19). NO is also important for 
maintaining microcirculatory flow. Regional decreases in NO 
bioavailability within the microcirculation, notwithstanding a 
state of total body NO excess, may be responsible for the het-
erogeneity in tissue perfusion that is characteristic of sepsis 
(25). Early generation hemoglobin-based oxygen carriers, such 
as diaspirin cross-linked hemoglobin and HBOC-21, have 
been trialed in hemorrhagic shock and orthopedic surgery but 
were associated with increased mortality (26) and an increased 
prevalence of cardiovascular adverse events with a significant 
troponin rise, especially in elderly patients (27). We did not 
observe any increase in ischemic cardiac events in our study 
population. Interestingly, the difference in mortality between 
the two treatment groups was almost entirely because of an 
increase in deaths caused by MOF. It is possible that NO is ben-
eficial at the later stages of evolution of MOF, or in the recovery 
phase (28), so scavenging of NO could be detrimental during 
this later time period.

A critical assumption of the current protocol design was that 
patients requiring high infusion rates of norepinephrine would 
also have high levels of NO production. However, the median 
NOx level was 62 μM, equivalent to that seen in the phase II 
study for all doses of norepinephrine (20), suggesting that high 
norepinephrine levels were not a good surrogate marker of high 
NOx levels. Although patients with higher baseline NOx levels 
receiving PHP treatment trended toward lower mortality rates 

when compared with placebo, the converse was seen in those 
with lower NOx levels. The use of this biomarker to differenti-
ate responders from nonresponders requires further study.

Interestingly, in patients with higher SOFA scores (> 13), 
mortality in the PHP group was significantly higher than in 
the placebo group. In this context, the baseline SOFA score was 
higher in patients randomized to receive PHP than in those 
randomized to placebo, raising the possibly that this imbalance 
may have contributed to the lack of difference in outcomes 
between the PHP and placebo groups. Similarly, more patients 
in the PHP group were receiving dobutamine at baseline than 
in the placebo group, again suggesting some baseline imbalance 
that may have contributed to the observed mortality differences.

A limitation of the present study was the inability to blind 
the interventions, exposing the study to the possible effects 
of bias. This may explain, at least in part, the higher preva-
lence of adverse events believed to be related to study drug 
that were reported in the PHP-treated group. Importantly, the 
adverse events were not those predicted by earlier studies of 
either NOS inhibitors or PHP, and the numerical differences 
were not statistically significant. Finally, a key assumption for 
sample size calculation was a control mortality rate of 60–70%; 
because this was much lower than predicted (37.6%), the study 
was underpowered to detect a difference in mortality.

In conclusion, the administration of a PHP solution in this 
cohort of patients with norepinephrine-dependent distributive 
shock was associated with a trend toward increased mortality 
overall and a significant reduction in survival in patients with 
higher degrees of organ dysfunction (SOFA > 13). However, 
subgroup analyses suggest that the selected patient popula-
tion may not have been the most appropriate for this therapy. 
Pathophysiologic mechanisms leading to potential harm also 
require further elucidation. The progressive reduction in 
mortality rates in septic patients seen over recent years makes 

TABLE 3. Serious Adverse Events by Organ System

Primary System/Organ

Pyridoxalated Hemoglobin  
Polyoxyethylene  

(n = 180)
Placebo  
(n = 191)

Events, n (%) Subjects, n (%) Events, n (%) Subjects, n (%)

Any 194 101 (56.1) 192 121 (63.4)

Blood/lymphatic 1 (0.5) 1 (0.6) 2 (1.0) 2 (1.0)

Cardiac 29 (14.9) 20 (11.1) 20 (10.4) 18 (9.4)

Gastrointestinal 20 (10.3) 18 (10.0) 19 (9.9) 17 (8.9)

Hepatobiliary 8 (4.1) 8 (4.4) 2 (1.0) 2 (1.0)

Infections 25 (12.9) 24 (13.3) 35 (18.2) 32 (16.8)

Metabolic 1 (0.5) 1 (0.6) 2 (1.0) 2 (1.0)

Renal 10 (5.2) 10 (5.6) 10 (5.2) 10 (5.2)

Respiratory 18 (9.3) 17 (9.4) 17 (8.9) 15 (7.9)

Vascular 12 (6.2) 12 (6.7) 10 (5.2) 8 (4.2)

For detailed description of each class, see Table S2, Supplemental Digital Content 1, http://links.lww.com/CCM/B23.
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demonstration of any mortality difference in interventional 
studies more challenging. Selecting patient populations who 
are more likely to benefit from a specific drug or procedure, 
and titrating doses to optimal benefit, may represent a more 
effective approach to future clinical trials.
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