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Abstract 

Objective: Septic shock is a devastating physio-

logical state with significant mortality risk. Re-

cently, trials have suggested clinical benefits of 

adjunctive treatment with iHAT. These agents 

may reduce oxidative stress, inflammation, mi-

tochondrial dysfunction and endothelial injury 

in patients with septic shock. The primary ob-

jective of this study was to evaluate intensive 

care unit (ICU) and hospital mortality for pa-

tients with septic shock treated with and with-

out intravenous hydrocortisone, ascorbic acid 

and thiamine (iHAT). 

Design: A retrospective cohort study was per-

formed evaluating patients admitted with septic 

shock requiring vasopressors to the ICU treated 

with and without iHAT. 

Setting: The intensive care unit of a tertiary 

care academic center in Madison, WI 

Patients: Of 3,463 patients admitted to the ICU, 

206 met inclusion criteria with 127 treated ac-

cording to standard care (SC) and 79 receiving    

. 

additional adjunctive iHAT. 

Intervention: Hydrocortisone 50 mg IV q6h, 

Ascorbic Acid 1500 mg IV q6h and Thiamine 

200 mg IV q12h. 

Measurements and results: Acute Physiology 

And Chronic Health Evaluation (APACHE) 

scores were higher in the SC cohort. Observed 

ICU mortality was lower in the iHAT cohort 

compared to SC as was APACHE-adjusted ICU 

mortality (OR 0.44, p=0.043). APACHE-

adjusted ICU mortality was lowest when iHAT 

was initiated within 6 hours (OR 0.08, p<0.01). 

Hospital mortality, vasopressor duration, initia-

tion of renal replacement therapy and lengths of 

stay were not significantly different between 

cohorts. 

Conclusion: There was a time-sensitive im-

provement in APACHE-adjusted ICU mortality 

in septic shock patients treated with adjunctive 

iHAT. The strong temporal benefit of iHAT 

therapy has important implications towards 

future studies. 
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Introduction 

Sepsis is a life-threatening disease process that im-
pacts 1.7 million patients in the United States an-

nually and carries a mortality rate of up to 45%.   

. 

(1,2) Despite the remarkable societal burden, lim-

ited targeted therapies exist. Current guidelines 
emphasize rapid identification, effective source 

control, and empiric antibiotic therapy alongside of 

early and aggressive management of hypoperfu-

sion with combinations of fluids, vasopressors, 
and/or inotropes. (3,4) More recently, therapeutic 

options have expanded to include an emphasize on 

reversing the metabolic derangements of septic 
shock, which include widespread inflammation, 

endothelial dysfunction with ischemia/reperfusion 

injury, and oxidative stress with mitochondrial 
dysfunction. (4-8) 

One group of medications that may offer synergis-

tic benefits is iHAT therapy, consisting of hydro-

cortisone, ascorbic acid (vitamin C), and thiamine, 
all administered intravenously. (9-11) Early clini-

cal data has repeatedly found considerable im-

provements in mortality with iHAT therapy, (9,11-
15) and subsequently many intensivists have insti-   
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tuted adjunctive iHAT therapy into the care of pa-

tients with septic shock given its potential benefits 
and favorable safety profile. (9,16) 

We performed a retrospective cohort study of pa-

tients with septic shock treated with and without 
adjunctive iHAT therapy in an intensive care unit 

(ICU) at a single tertiary care academic hospital 

between January 1, 2018 and June 30, 2019. We 

hypothesized that critically ill septic patients treat-
ed with iHAT therapy would have reduced ICU 

and 30-day mortality compared to patients who 

were not treated with this constellation of supple-
ments. Our primary outcome measures were ICU 

and hospital mortality and Acute Physiology And 

Chronic Health Evaluation (APACHE)-adjusted 

mortality rates. Secondary outcome measures in-
cluded ICU and hospital lengths of stay, vasopres-

sor duration, mechanical ventilator duration, and 

new renal replacement therapy (RRT) initiation. 
Planned subgroup analysis included patients who 

received iHAT “early,” within the 6-hour Center 

for Medicare & Medicaid Services (CMS) sepsis 
bundle time limit. 

 

Methods 

Patient selection 

This was an institutional review board approved 

retrospective cohort study at a tertiary academic 

medical center. All patients admitted to the main 
medical-surgical ICU from January 1, 2018 to May 

31, 2019 were screened for the diagnosis of sepsis 

using an ICU patient database compiled by our 
electronic ICU (E-ICU) service using Philips E-

Care Manager™ software (Philips, Andover, MA, 

USA). The E-ICU service staff has routinely input 

the clinical and diagnostic data necessary for cal-
culation of APACHE IV scores for all admitted 

patients since 2008. The E-ICU software then gen-

erates, on a quarterly basis, an Excel spreadsheet 
(Microsoft, Tigard, OR, USA) database of all ad-

mitted patients which includes: admitting diagno-

sis, physician and service, both actual and predict-

ed ICU and hospital mortality, ventilator use and 
duration of use, and ICU and hospital length of 

stays (LOS). The database was filtered to include 

only those patients with an admission diagnosis of 
sepsis, septic shock, or bacterial pneumonia. A 

review of the electronic health record (Epic™, Ve-

rona, WI) was then performed on all such identi-
fied patients to assess if they met the following 

inclusion criteria for the study as follows: 1) ad-

mission to the medical ICU service, 2) a vasopres-

sor requirement within the first 24 hours of admis-
sion with a duration of at least 3 hours, 3) a treat-

ment plan which included early anti-infective ther-   

. 

apy, 4) no requirement for an open surgical inter-

vention to achieve source control as defined below, 
5) if transferred from a referring hospital, arrival to 

the ICU occurred within 24 hours of initial presen-

tation to the referring hospital, 6) initiation of 
iHAT therapy occurred within 24 hours of admis-

sion to the ICU with a full course administered as 

defined below, 7) absence of an advanced directive 

or surrogate decision that limited intensive care 
therapies within the first 24 hours of ICU admis-

sion based on a pre-existing poor prognosis or ter-

minal illness (Figure 1). Patients with sepsis 
caused by obstructive biliary or urologic pathology 

necessitating interventional but not open-surgical 

procedures were included. 

 
Standard care and iHAT interventions 

Standard treatment of septic shock in all patients 

was in accordance with the treatment bundle rec-
ommended by the 2012 Surviving Sepsis Cam-

paign guidelines. (17) All patients received early, 

aggressive initial fluid resuscitation targeting 30 
ml/kg of crystalloid unless contraindicated, with 

administration of broad-spectrum antibiotics within 

3 hours of the diagnosis of severe sepsis or septic 

shock. Vasopressor therapy was initiated with 
norepinephrine for fluid-nonresponsive hypoten-

sion to maintain a mean arterial blood pressure 

(MAP) >65 mmHg and was discontinued when not 
required to maintain this MAP goal. Steroids were 

administered at the discretion of the critical care 

faculty physician, generally for refractory hypoten-
sion despite moderate- or high-dose vasopressor 

requirement. Other cares were within accepted crit-

ical care guidelines: lactate was trended and corre-

lated to interval physical examinations to deter-
mine ongoing need for resuscitation; lung protec-

tive ventilation was instituted with adequate posi-

tive end-expiratory pressure; unnecessary use of 
sedatives was minimized and a daily sedation holi-

day instituted; and we practiced routine prophylax-

is for deep venous thromboembolism and stress 

ulcers. 
Patients in the iHAT cohort all received standard 

care with the addition of hydrocortisone 50 mg IV 

every 6 hours, vitamin C in a dose of 1.5 g IV eve-
ry 6 hours, and thiamine 200 mg IV every 12 

hours. Completion of a full course was defined as 

continuing iHAT until the patient either was liber-
ated from vasopressors, was discharged from the 

ICU or until 4 days of therapy had elapsed - 

whichever came first. Patients who never received 

iHAT, received incomplete courses or were initiat-
ed on iHAT more than 24 hours after presentation 

for sepsis were assigned to the standard care co-   
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hort. Sepsis presentation time was consistent with 

the surviving sepsis bundle definitions and defined 
as the emergency department (ED) listed triage 

time for patients admitted from the ED and the 

ICU admission time for patients admitted from the 
hospital ward. (18) 

 

Data analysis 

Retrospective review of the electronic health rec-
ord and the Philips E-Care Manager™ ICU (E-

ICU) database provided all necessary patient data 

including age, gender, comorbidities, admission 
source, sepsis source, time to both antibiotics and 

iHAT therapy, time from initial healthcare facility 

presentation to ICU admission, discharge location, 

duration of mechanical ventilation, vasopressor 
duration, requirement for RRT, and both ICU and 

hospital lengths of stay and mortalities. APACHE 

IV scores from the E-ICU database were used to 
calculate both expected ICU and hospital mortali-

ty, ICU and hospital lengths of stay, and initiation 

and duration of mechanical ventilation. Patients 
who were discharged directly from the ICU to in-

patient hospice care >24 hours from ICU admis-

sion were considered an ICU mortality. Vasopres-

sor liberation was defined as freedom from vaso-
pressor use for more than 12 hours. Subgroup 

analysis was performed for patients who received 

“early” iHAT therapy (early-iHAT), defined as 
occurring within the 6-hour CMS sepsis bundle 

time limit. In addition, outcomes were compared 

for patients admitted from the in-hospital ED or 
ward compared to admissions from referring hospi-

tals. 

We assessed for survival using the electronic 

health record with the last date of follow-up on 
August 15, 2019. Descriptive analyses were con-

ducted using summary statistics, frequencies and 

proportions. Categorical baseline data was com-
pared between standard care and iHAT patients 

using a chi-square test and continuous variables 

compared using Welch’s two-sample t-test or using 

Mann-Whitney U test for non-normally distributed 
data. Multiple logistic regression was used to esti-

mate ICU and hospital mortality and adjust for risk 

based on APACHE IV scores. Firth’s bias reduc-
tion was used in case of separation. (19) Multivari-

able Cox-proportional hazards models were used to 

predict the adjusted mortality hazard between the 
categorized study groups. Changes in vasopressor 

duration were estimated by fitting general linear 

models to log-transformed data. Length of stay was 

modelled using Fine and Gray’s competing risk 
regression. (20) All analyses were conducted using 

R version 3.5.2. A two-sided p-value of <0.05 was    

. 

considered statistically significant. 

 
Results 

Patient selection and baseline characteristics 

Of the 3,463 patients admitted to the ICU during 
the study time period, 639 had a diagnosis of sep-

sis, septic shock, or bacterial pneumonia. Two 

hundred and six patients met all subsequent inclu-

sion criteria and were entered in the study. Of these 
206 patients, 127 met criteria for the standard care 

cohort and 79 met criteria for the iHAT cohort 

(Figure 1). The study included five patients in the 
standard care group who received very late, or very 

limited iHAT therapy; these patients were placed 

into the standard care (SC) cohort. Table 1 com-

pares the baseline characteristics of the cohorts. 
There were no significant differences in age or 

gender. There was a higher rate of cancer in the 

iHAT cohort (26.6% vs 14.2%, p=0.04). The most 
common source of sepsis in both cohorts was pul-

monary with no significant differences in source of 

sepsis between the groups. Patients were most fre-
quently admitted to the ICU from the emergency 

department (43.7%) or were transferred from a 

referring hospital (37.8%) with 18.4% admitted 

from a hospital ward. Patients transferred from 
referring hospitals were almost all transferred di-

rectly from the presenting hospital ED to our ICU 

using our institution’s regional active air-medical 
response team. Average time from initial 

healthcare presentation to ICU admission was 

similar between cohorts (7.6 vs 7.1 hours, p=0.57). 
Adjunctive iHAT therapy was initiated an average 

of 10.9 hours after presentation of septic shock and 

patients received iHAT therapy for an average du-

ration of 40.7 hours (SD 27.3). All patients in the 
iHAT cohort received hydrocortisone within 48 

hours of ICU admission compared to 31.5% of pa-

tients in the SC cohort (p<0.01). There was no sta-
tistically significant difference between the cohorts 

in the need for mechanical ventilation (iHAT 

41.7% vs 55.9%, p=0.07). 

 
Outcomes 

Comparisons between iHAT and SC cohorts are 

given as an odds ratio (OR) displayed as OR [95% 
confidence interval]. Patients in the SC cohort had 

higher APACHE IV scores (88.2 vs 80.0, p=0.04) 

but no significant difference in APACHE-
predicted ICU mortality (24.0% vs 17.6%, 

p=0.06). Observed ICU mortality was lower in the 

iHAT cohort compared to the SC cohort (11.4% vs 

26.0%, p=0.02). This relationship held true after 
adjustment for APACHE scores (OR 0.44 [0.18, 

0.97], p=0.043). Hospital mortality was not signif-   
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icantly different between cohorts (iHAT 26.6% vs 

32.3%, p=0.48), nor was APACHE-adjusted hospi-
tal mortality (iHAT OR 0.92 [0.47, 1.76], p=0.80) 

(Table 2). 

After excluding patients who died in the ICU from 
each cohort (who could not thereafter receive vas-

opressors), duration of vasopressor therapy was 

significantly reduced in the iHAT cohort (median 

13.9 vs 24.2 hours, p=0.02) but not after 
APACHE-adjustment (multiplicative difference 

compared to SC=0.81 [0.63, 1.04], p=0.09). There 

were no significant differences in new RRT initia-
tion (14.9% iHAT vs 26.4%, p=0.10), or 

APACHE-adjusted new RRT initiation (OR 0.62 

[0.26, 1.40]). Among surviving patients, neither 

ICU nor hospital length of stay were significantly 
different between cohorts (ICU LOS, iHAT medi-

an 2.0 vs 2.5 days, p=0.24; hospital LOS, iHAT 

median 9.5 vs 9.1, p=0.86) (Table 3). 
On planned subgroup analysis, initiation of iHAT 

therapy within 6 hours of presentation of sepsis 

was associated with a reduction in ICU mortality 
compared to SC, which remained significant after 

adjusting for APACHE scores (OR 0.08 [0.0, 

0.59], p<0.01). There was no such association 

when iHAT was initiated 6-24 hours after presen-
tation (OR 0.66 [0.27, 1.50], p=0.33) (Figure 2). 

Hospital mortality was not significantly different 

for either subgroup (<6 hours vs SC: OR 0.79 
[0.25, 2.19], p=0.67; >6 hours vs SC: OR 0.99 

[0.48, 2.02], p=0.99) (Figure 2). Second, there was 

no overall difference in ICU mortality for all pa-
tients based on source of admission (referring hos-

pital vs ED/ward OR 1.05 [0.93, 1.17], p=0.46), or 

for SC patients alone (referring hospital vs 

ED/ward OR 0.97 [0.83, 1.13], p=0.68). 
 

Discussion 

This retrospective cohort study found a decreased 
APACHE-adjusted ICU mortality rate when ad-

junctive iHAT therapy was added to standard care 

among patients with septic shock. This effect was 

driven by early (<6 hour) initiation of therapy, 
consistent with other bundle-based interventions in 

sepsis. (3) There was no change in hospital mortal-

ity between cohorts. Other outcome measures in-
cluding lengths of stay, ventilator duration, 

APACHE-adjusted vasopressor duration, and RRT 

initiation were not different between cohorts. 
Our findings of a strong relationship between the 

timeliness and effectiveness of iHAT therapy to-

wards ICU mortality are crucial and novel. Early 

initiation of iHAT therapy within typical sepsis 
bundle timelines was associated with the largest 

reduction in mortality (Figure 2). Most important-   

. 

ly, the impact of treatment delay suggests that ran-

domized and controlled trials may suffer find a 
decreased magnitude or even lack of effect if de-

lays for consent, enrollment, randomization, and 

administration are excessive. 
It is surprising that our APACHE-adjusted ICU 

mortality reduction did not result in improved hos-

pital mortality. This is potentially driven by the 

fact that a considerable proportion of patients who 
develop sepsis have advanced co-morbidities or are 

at extremes of age. In this study specifically, our 

iHAT cohort more frequently had cancer (26.6 vs 
14.2%, p=0.04). In these cases, although a larger 

proportion of patients treated with iHAT may sur-

vive the initial insult of septic shock, later decline 

may occur from other end-stage chronic illness, 
post-ICU syndrome, or due to secondary infections 

after surviving their initial insult. Adjunctive ther-

apy, in this case, may have improved short term 
aberrancies, but not the pathophysiologic baseline 

that resulted in, or was a result of, septic shock. 

Further, families may feel compelled to adjust 
goals of care in light of severity of illness or onco-

logic prognosis after a challenging ICU stay. 

Additionally, the appropriate onset timing and du-

ration of iHAT therapy has yet to be elucidated. It 
may be that initial benefits from early and aggres-

sive antioxidant therapy are reversed by later dec-

rements due to the loss of crucial oxidant signal-
ling. Oxidants, despite injuring cells at high levels, 

are important to cellular signalling and stress adap-

tation. Importantly, they also play a role in activa-
tion of various pathways in the innate and adaptive 

immune response. (21) 

The extreme oxidative stress of sepsis causes mito-

chondrial dysfunction and is evidenced by patho-
logic depletion of antioxidants. (7,8) Severe deple-

tion of vitamin C is ubiquitous in sepsis and is 

quantitatively associated with disease severity and 
mortality. (6,13,22-25) Adequately dosed parenter-

al regimens (generally 2-3 g/d) of vitamin C pre-

dictably corrects deficiency and increase oxidant 

scavenging in the critically ill. (9,11-15) Notably, 
enteral regimens are woefully inadequate in the 

critically ill, as are typical nutritional dosing rec-

ommendations. (26) The selected dose has been 
shown to predictably achieve supratherapeutic lev-

els (27) that remain below typical doses argued to 

risk pro-oxidant injury. (28) Adequate vitamin C 
levels directly improve endothelial and mitochon-

drial function, catecholamine synthesis, and de-

crease ischemia and reperfusion injury. (28-33) 

Vitamin C may also improve immune (34,35) and 
adrenal function. (36,37) Steroids increase vitamin 

C enteral and cellular absorption, (38,39) treat rela- 
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tive or absolute adrenal insufficiency and target 

inflammation and endothelial dysfunction. (40-43) 
Finally, thiamine deficiency is common in septic 

shock and supplementation decreases lactic acido-

sis, supports the mitochondria, and may stabilize 
the endothelium. (44-47) 

Clinical trials assessing vitamin C monotherapy in 

the critically ill have shown several direct patient 

benefits including improved SOFA scores, (13) 
decreased vasopressor requirements, (12) and mor-

tality. (12-14) Combination therapy with iHAT 

may offer synergistic benefits (28,48) and has 
shown similarly improved patient outcomes in-

cluding mortality in some patient populations in-

cluding patients with septic shock (9,10,15,49) and 

pneumonia. (11) 
Literature to date suggests that iHAT therapy in 

critically ill patients is well tolerated. Nonetheless, 

theoretical risks include the risk of a pro-oxidant 
effect of vitamin C at extremely high doses or in 

at-risk populations such as sickle cell anemia, glu-

cose-6-phosphate dehydrogenase deficiency, and 
hereditary hemochromatosis. (50-52) Of note, sev-

eral trials have administered doses in excess of 10 

g/day without causing injury. (9,13,14,53) Next, 

vitamin C causes hyperoxalosis, which may in at 
risk patients result in nephrolithiasis and obstruc-

tive uropathy. (54-56) Finally, with some point of 

care glucose meters vitamin C can cause a false-
high error, resulting in inappropriate insulin ad-

ministration and hypoglycemia. (57-59) 

This study has significant limitations in that it is a 
single-center, observational “real-world” study 

employing a retrospective analysis of cohorts with 

an imbalance in the severity of illness. Severity 

imbalance may be crucial; some studies have 
shown benefits only in more severe subsets of pa-

tients. (10) Additionally, iHAT therapy was not 

limited to patients with biomarker aberrancies like   
. 

those used by Marik et al. (46) Further, iHAT use 

was non-standardized and frequently delayed after 
presentation. Other trials with significant delays in 

therapy had nonsignificant results. (60,61) Finally, 

physician initiation of iHAT therapy varied mark-
edly. Practice patterns, patient selection, and other 

unique practice habits and selection bias may have 

played a role in these results. Notably, we did not 

observe any complications of therapy in the iHAT 
cohort, but an additional consideration of early 

adoption of therapies in a non-prospective manner 

is that complications are not systematically 
screened for or audited. Finally, the study included 

five patients in the standard care group who re-

ceived very late, or very limited iHAT therapy. 

Short duration therapy may not offer patient bene-
fit, (10) nor may late “salvage” use, but this is not 

consistent with intent-to-treat prospective research. 

Finally, it is notable that in the iHAT cohort there 
was a reduction in ICU mortality in those patients 

admitted from the ED/ward, but not from referring 

hospitals, again, largely from referring EDs. This 
relationship was not apparent within the SC cohort. 

Though prehospital care may have driven some 

changes in outcomes, these patients were also far 

more likely to receive iHAT therapy in a timely 
manner. 

This retrospective cohort study found a time-

sensitive improvement in APACHE-adjusted ICU 
mortality in septic shock patients treated with ad-

junctive iHAT therapy. Unfortunately, we did not 

observe a difference in hospital mortality. This 
supports emerging literature for the benefit of 

iHAT therapy in septic shock. The strong temporal 

benefit of iHAT therapy has important implications 

towards future studies and future trials should 
clearly explore the relationship between timeliness 

of therapy and the magnitude of improvement in 

outcomes. 



Table 1. Demographics and baseline clinical characteristics of cohorts 

 
Characteristic iHAT therapy Standard care p value 

Age, years (mean, SD) 64.4 (13.9) 61.1 (16.2) 0.13 

Male gender, % 54.4 55.9 0.95 

Comorbidities, % 
- Cancer 

- Cardiovascular disease 

- Pulmonary disease 
- Diabetes 

- Organ transplant recipient 

- Liver disease 

- ESRD 

 
26.6 

55.7 

22.8 
22.8 

13.9 

13.9 

6.3 

 
14.2 

49.6 

29.1 
22.8 

16.5 

10.2 

13.4 

 
0.04* 

0.48 

0.40 
0.99 

0.76 

0.56 

0.17 

Admission source, % 

- Referring hospital 

- ED 
- Hospital ward 

 

35.4 

51.9 
12.7 

 

39.4 

38.6 
22.0 

0.11 

Source of sepsis1, % 

- Pulmonary 

- Gastrointestinal 

- Cutaneous/soft tissue 
- Genitourinary 

- Other 

 

40.5 

20.3 

8.9 
24.1 

6.3 

 

46.5 

17.3 

15.7 
18.1 

2.4 

0.27 

Time to ICU admission after presentation, hours (mean, SD) 7.6 (5.2) 7.0 (8.5) 0.57 

Ventilator initiation, % 41.7 55.9 0.07 

Hydrocortisone use2, % 100 31.5 <0.01* 

Time to iHAT therapy after presentation, hours (mean, SD) 10.9 (7.0) N/A  

iHAT therapy duration, hours (mean, SD) 40.7 (27.3) N/A  

 

Legend: ESRD=end stage renal disease; ED=emergency department; ICU=intensive care unit; 

iHAT=intravenous ascorbate, hydrocortisone and thiamine. 

*statistical significance, defined as p£0.05. 
1Sepsis source determination made on admission to intensive care unit. 
2Intravenous hydrocortisone given during first 48 hours of intensive care unit admission. 

 
 

Table 2. Primary clinical outcome measures 

 

Outcome iHAT therapy Standard care p value 

APACHE IV score1 80.0 88.2 0.04* 

Predicted ICU mortality, % 17.6 24.0 0.061 

Observed ICU mortality2, % 11.4 (9/79) 26.0 (33/127) 0.02* 

APACHE-adjusted ICU mortality2 OR [95% CI] 0.44 [0.18, 0.97] (reference) 0.04* 

Hospital mortality2, % 26.6 (21/79) 32.3 (41/127) 0.48 

APACHE-adjusted hospital mortality2 OR [95% CI] 0.92 [0.47, 1.76] (reference) 0.80 

 

Legend: APACHE IV=Acute Physiology and Chronic Health Evaluation-IV; ICU=intensive care unit; 
iHAT=intravenous ascorbate, hydrocortisone and thiamine; OR=odds ratio; CI=confidence interval. 

*Statistical significance, defined as p£0.05. 
1Scored electronically using admission data. 
2Mortality includes patients who expired during their stay or were transitioned to a hospice location. 
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Table 3. Secondary clinical outcome measures 

 

Outcome iHAT therapy Standard care p value 

Vasopressor duration1, hours (median) 13.9 24.2 <0.02* 

APACHE-adjusted 

Vasopressor duration 
Change1, [95% CI] 

0.81 [0.63, 1.04] (reference) 0.09 

New RRT initiation2, % (N) 14.9% (11/74) 26.4% (29/110) 0.10 

APACHE-adjusted 

New RRT initiation2 OR [95% CI] 

0.62 [0.26, 1.40] (reference) 0.26 

Ventilator duration, days 3.4 3.3 0.96 

APACHE-adjusted 

Ventilator duration, days 

0.29 [-1.0, 1.6] (reference) 0.66 

ICU LOS, days3 (median) 2.0 2.5 0.24 
APACHE-adjusted 

ICU discharge SHR4 

1.54 [1.12, 2.12] (reference) <0.01* 

Hospital LOS, days3 (median) 9.5 9.1 0.86 
APACHE-adjusted 

Hospital discharge SHR4 

1.02 [0.73, 1.43] (reference) 0.91 

 

Legend: APACHE=Acute Physiology and Chronic Health Evaluation; CI=confidence interval; RRT=renal 
replacement therapy; OR=odds ratio; ICU=intensive care unit; LOS=length of stay; SHR=subdistribution 

hazard ratios; iHAT=intravenous ascorbate, hydrocortisone and thiamine. 

*Statistical significance, defined as p£0.05. 
1Vasopressor duration excludes patients that died in the ICU. Change is multiplicative relative to standard 

care: the iHAT cohort were on vasoactives 81% as long as the SC cohort, and this difference was not 
statistically significant ([95% CI 63%, 104%] p=0.091). 
2RRT initiation after ICU admission, excluding patients on pre-admission renal replacement therapy. 
3Medians expressed include only patients who survived the ICU and hospital, respectively. 
4Subdistribution hazard ratios (SHR) >1 indicate increased rate of discharge and therefore shorter length of 

stay. Mortality was treated as a competing event. 
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Figure 1. Patient selection flowchart 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 
 

 

 

Legend: ICU=intensive care unit; iHAT=intravenous ascorbate, hydrocortisone and thiamine 
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Figure 2. ICU and hospital mortality: subgroup analysis 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

Legend: Comparison of mortality for patients in the standard care (SC) cohort compared to iHAT subgroups. 

Those that initiated iHAT therapy in <6 hours (iHAT Early; blue) after ICU admission had a significant 
improvement in ICU mortality versus SC (black); others (iHAT Late; red) did not. There was no difference 

in hospital mortality in any group. Error bars delineate 90% binomial confidence intervals. 
 

 

 

 

 

Crit Care Shock 2020 Vol. 23 No. 1 31 



1. Gaieski DF, Edwards JM, Kallan MJ, Carr BG. 

Benchmarking the incidence and mortality of 

severe sepsis in the United States. Crit Care 
Med 2013;41:1167-74. 

2. Epstein L, Dantes R, Magill S, Fiore A. 

Varying Estimates of Sepsis Mortality Using 
Death Certificates and Administrative Codes--

United States, 1999-2014. MMWR Morb 

Mortal Wkly Rep 2016;65:342-5. 
3. Rhodes A, Evans LE, Alhazzani W, Levy MM, 

Antonelli M, Ferrer R, et al. Surviving Sepsis 

Campaign: International Guidelines for 

Management of Sepsis and Septic Shock: 
2016. Intensive Care Med 2017;43:304-77. 

4. Angus DC, van der Poll T. Severe sepsis and 

septic shock. N Engl J Med 2013;369:840-51. 
5. Leite HP, de Lima LF. Metabolic resuscitation 

in sepsis: a necessary step beyond the hemo-

dynamic? J Thorac Dis 2016;8:E552-7. 
6. Spoelstra-de Man AME, Elbers PWG, 

Oudemans-van Straaten HM. Making sense of 

early high-dose intravenous vitamin C in is-

chemia/reperfusion injury. Crit Care 2018; 
22:70. 

7. Mantzarlis K, Tsolaki V, Zakynthinos E. Role 

of Oxidative Stress and Mitochondrial Dys-
function in Sepsis and Potential Therapies. 

Oxid Med Cell Longev 2017;2017:5985209. 

8. Huet O, Dupic L, Batteux F, Matar C, Conti 

M, Chereau C, et al. Postresuscitation syn-
drome: potential role of hydroxyl radical-

induced endothelial cell damage. Crit Care 

Med 2011;39:1712-20. 
9. Marik PE, Khangoora V, Rivera R, Hooper 

MH, Catravas J. Hydrocortisone, Vitamin C, 

and Thiamine for the Treatment of Severe 
Sepsis and Septic Shock: A Retrospective 

Before-After Study. Chest 2017;151:1229-38. 

10. Shin TG, Kim Y-J, Ryoo SM, Hwang SY, Jo 

IJ, Chung SP, et al. Early Vitamin C and 
Thiamine Administration to Patients with 

Septic Shock in Emergency Departments: 

Propensity Score-Based Analysis of a Before-
and-After Cohort Study. J Clin Med 2019;8. 

11. Kim W-Y, Jo E-J, Eom JS, Mok J, Kim M-H, 

Kim KU, et al. Combined vitamin C, 
hydrocortisone, and thiamine therapy for 

patients with severe pneumonia who were 

admitted to the intensive care unit: Propensity 

score-based analysis of a before-after cohort 
study. J Crit Care 2018;47:211-8. 

12. Zabet MH, Mohammadi M, Ramezani M, 

Khalili H. Effect of high-dose Ascorbic acid 
on vasopressor's requirement in septic shock. J   

. 

 

32 Crit Care Shock 2020 Vol. 23 No. 1 

Res Pharm Pract 2016;5:94-100. 

13. Fowler AA, 3rd, Syed AA, Knowlson S, 

Sculthorpe R, Farthing D, DeWilde C, et al. 
Phase I safety trial of intravenous ascorbic acid 

in patients with severe sepsis. J Transl Med 

2014;12:32. 
14. Fowler AA, 3rd, Truwit JD, Hite RD, Morris 

PE, DeWilde C, Priday A, et al. Effect of 

Vitamin C Infusion on Organ Failure and 
Biomarkers of Inflammation and Vascular 

Injury in Patients With Sepsis and Severe 

Acute Respiratory Failure: The CITRIS-ALI 

Randomized Clinical Trial. JAMA 
2019;322:1261-70. 

15. Balakrishnan M, Gandhi H, Shah K, Pandya H, 

Patel R, Keshwani S, et al. Hydrocortisone, 
Vitamin C and thiamine for the treatment of 

sepsis and septic shock following cardiac 

surgery. Indian J Anaesth 2018;62:934-9. 
16. Rubin R. Wide Interest in a Vitamin C Drug 

Cocktail for Sepsis Despite Lagging Evidence. 

JAMA 2019;Online ahead of print. 

17. Dellinger RP, Levy MM, Rhodes A, Annane 
D, Gerlach H, Opal SM, et al. Surviving sepsis 

campaign: international guidelines for manage-

ment of severe sepsis and septic shock: 2012. 
Crit Care Med 2013;41:580-637. 

18. Levy MM, Evans LE, Rhodes A. The Sur-

viving Sepsis Campaign Bundle: 2018 Update. 

Crit Care Med 2018;46:997-1000. 
19. Firth D. Bias reduction of maximum likelihood 

estimates. Biometrika 1993;80:27-38. 

20. Fine JP, Gray RJ. A Proportional Hazards 
Model for the Subdistribution of a Competing 

Risk. J Am Stat Assoc 1999;94:496-509. 

21. Jain M, Chandel NS. Rethinking antioxidants 
in the intensive care unit. Am J Respir Crit 

Care Med 2013;188:1283-5. 

22. Carr AC, Rosengrave PC, Bayer S, Chambers 

S, Mehrtens J, Shaw GM. Hypovitaminosis C 
and vitamin C deficiency in critically ill 

patients despite recommended enteral and 

parenteral intakes. Crit Care 2017;21:300. 
23. Karapetsa M, Pitsika M, Goutzourelas N, 

Stagos D, Becker AT, Zakynthinos E. 

Oxidative status in ICU patients with septic 
shock. Food Chem Toxicol 2013;61:106-11. 

24. Galley HF, Davies MJ, Webster NR. Ascorbyl 

radical formation in patients with sepsis: effect 

of ascorbate loading. Free Radic Biol Med 
1996;20:139-43. 

25. Borrelli E, Roux-Lombard P, Grau GE, Gir-

ardin E, Ricou B, Dayer J, et al. Plasma 
concentrations of cytokines, their soluble re-   

. 

References 



ceptors, and antioxidant vitamins can predict 

the development of multiple organ failure in 
patients at risk. Crit Care Med 1996;24:392-7. 

26. Long MT, Hess AS, Ries MP, Coursin DB. 

Dosing Matters! Vitamin C in Critical Illness. 
Crit Care Med 2019;47:e1042. 

27. de Grooth H-J, Manubulu-Choo W-P, 

Zandvliet AS, Spoelstra-de Man AME, Girbes 

AR, Swart EL, et al. Vitamin C Pharmaco-
kinetics in Critically Ill Patients: A Random-

ized Trial of Four IV Regimens. Chest 2018; 

153:1368-77. 
28. Marik PE. Hydrocortisone, Ascorbic Acid and 

Thiamine (HAT Therapy) for the Treatment of 

Sepsis. Focus on Ascorbic Acid. Nutrients 

2018;10. 
29. Zhang M, Jativa DF. Vitamin C supplement-

ation in the critically ill: A systematic review 

and meta-analysis. SAGE Open Med 2018;6: 
2050312118807615. 

30. Oudemans-van Straaten HM, Spoelstra-de 

Man AM, de Waard MC. Vitamin C revisited. 
Crit Care 2014;18:460. 

31. Berger MM, Oudemans-van Straaten HM. 

Vitamin C supplementation in the critically ill 

patient. Curr Opin Clin Nutr Metab Care 
2015;18:193-201. 

32. Rodemeister S, Biesalski HK. There's life in 

the old dog yet: vitamin C as a therapeutic 
option in endothelial dysfunction. Crit Care 

2014;18:461. 

33. Carr AC, Shaw GM, Fowler AA, Natarajan R. 
Ascorbate-dependent vasopressor synthesis: a 

rationale for vitamin C administration in 

severe sepsis and septic shock? Crit Care 

2015;19:418. 
34. Carr AC, Maggini S. Vitamin C and Immune 

Function. Nutrients 2017;9. 

35. Hill A, Wendt S, Benstoem C, Neubauer C, 
Meybohm P, Langlois P, et al. Vitamin C to 

Improve Organ Dysfunction in Cardiac 

Surgery Patients-Review and Pragmatic 

Approach. Nutrients 2018;10. 
36. Kodama M, Kodama T, Murakami M, Kodama 

M. Vitamin C infusion treatment enhances cor-

tisol production of the adrenal via the pituitary 
ACTH route. In Vivo 1994;8:1079-85. 

37. Das D, Sen C, Goswami A. Effect of Vitamin 

C on adrenal suppression by etomidate induc-
tion in patients undergoing cardiac surgery: A 

randomized controlled trial. Ann Card Anaesth 

2016;19:410-7. 

38. May JM. Vitamin C transport and its role in 
the central nervous system. Subcell Biochem 

2012;56:85-103. 

 

Crit Care Shock 2020 Vol. 23 No. 1 33 

39. Fujita I, Hirano J, Itoh N, Nakanishi T, Tanaka 

K. Dexamethasone induces sodium-dependant 
vitamin C transporter in a mouse osteoblastic 

cell line MC3T3-E1. Br J Nutr 2001;86:145-9. 

40. Annane D, Pastores SM, Arlt W, Balk RA, 
Beishuizen A, Briegel J,, et al. Critical illness-

related corticosteroid insufficiency (CIRCI): a 

narrative review from a Multispecialty Task 

Force of the Society of Critical Care Medicine 
(SCCM) and the European Society of Intensive 

Care Medicine (ESICM). Intensive Care Med 

2017;43:1781-92. 
41. Annane D, Renault A, Brun-Buisson C, Meg-

arbane B, Quenot J-P, Siami S, et al. 

Hydrocortisone plus Fludrocortisone for 

Adults with Septic Shock. N Engl J Med 
2018;378:809-18. 

42. Venkatesh B, Finfer S, Cohen J, Rajbhandari 

D, Arabi Y, Bellomo R, et al. Adjunctive 
Glucocorticoid Therapy in Patients with Septic 

Shock. N Engl J Med 2018;378:797-808. 

43. Cohen J, Venkatesh B. Adjunctive Cortico-
steroid Treatment in Septic Shock. 

Anesthesiology 2019;131:410-9. 

44. Woolum JA, Abner EL, Kelly A, Bastin MLT, 

Morris PE, Flannery AH. Effect of Thiamine 
Administration on Lactate Clearance and 

Mortality in Patients With Septic Shock. Crit 

Care Med 2018;46:1747-52. 
45. Moskowitz A, Andersen LW, Cocchi MN, 

Karlsson M, Patel PV, Donnino MW. 

Thiamine as a Renal Protective Agent in Septic 
Shock. A Secondary Analysis of a 

Randomized, Double-Blind, Placebo-

controlled Trial. Ann Am Thorac Soc 2017; 

14:737-41. 
46. Marik PE. Vitamin C for the treatment of 

sepsis: The scientific rationale. Pharmacol 

Ther 2018;189:63-70. 
47. Beltramo E, Berrone E, Buttiglieri S, Porta M. 

Thiamine and benfotiamine prevent increased 

apoptosis in endothelial cells and pericytes 

cultured in high glucose. Diabetes Metab Res 
Rev 2004;20:330-6. 

48. Barabutis N, Khangoora V, Marik PE, 

Catravas JD. Hydrocortisone and Ascorbic 
Acid Synergistically Prevent and Repair 

Lipopolysaccharide-Induced Pulmonary 

Endothelial Barrier Dysfunction. Chest 
2017;152:954-62. 

49. Sadaka F, Grady J, Organti N, Donepudi B, 

Korobey M, Tannehill D, et al. Ascorbic Acid, 

Thiamine, and Steroids in Septic Shock: 
Propensity Matched Analysis. J Intensive Care 

Med 2019:885066619864541. 



50. Wu S, Wu G, Wu H. Hemolytic jaundice 

induced by pharmacological dose ascorbic acid 
in glucose-6-phosphate dehydrogenase 

deficiency: A case report. Medicine 

(Baltimore) 2018;97:e13588. 
51. Berger TM, Polidori MC, Dabbagh A, Evans 

PJ, Halliwell B, Morrow JD, et al. Antioxidant 

activity of vitamin C in iron-overloaded human 

plasma. J Biol Chem 1997;272:15656-60. 
52. Proteggente AR, Rehman A, Halliwell B, 

Rice-Evans CA. Potential problems of ascor-

bate and iron supplementation: pro-oxidant 
effect in vivo? Biochem Biophys Res Commun 

2000;277:535-40. 

53. Fowler Iii AA, Kim C, Lepler L, Malhotra R, 

Debesa O, Natarajan R, et al. Intravenous 
vitamin C as adjunctive therapy for entero-

virus/rhinovirus induced acute respiratory 

distress syndrome. World J Crit Care Med 
2017;6:85-90. 

54. Nankivell BJ, Murali KM. Images in clinical 

medicine. Renal failure from vitamin C after 
transplantation. N Engl J Med 2008;358:e4. 

55. Moyses-Neto M, Brito BRS, de Araujo Brito 

DJ, Barros NDC, Dantas M, Salgado-Filho N, 

et al. Vitamin C-induced oxalate nephropathy 
in a renal transplant patient related to excessive 

ingestion of cashew pseudofruit (Anacardium 

occidentale L.): a case report. BMC Nephrol 

2018;19:265. 

 

34 Crit Care Shock 2020 Vol. 23 No. 1 

56. Buehner M, Pamplin J, Studer L, Hughes RL, 

King BT, Graybill JC, et al. Oxalate 
Nephropathy After Continuous Infusion of 

High-Dose Vitamin C as an Adjunct to Burn 

Resuscitation. J Burn Care Res 2016;37:e374-
9. 

57. Hager DN, Martin GS, Sevransky JE, Hooper 

MH. Glucometry When Using Vitamin C in 

Sepsis: A Note of Caution. Chest 2018;154: 
228-9. 

58. Flannery AH, Bastin MLT, Magee CA, 

Bensadoun ES. Vitamin C in Sepsis: When It 
Seems Too Sweet, It Might (Literally) Be. 

Chest 2017;152:450-1. 

59. Kahn SA, Lentz CW. Fictitious hypergly-

cemia: point-of-care glucose measurement is 
inaccurate during high-dose vitamin C infusion 

for burn shock resuscitation. J Burn Care Res 

2015;36:e67-71. 
60. Ahn JH, Oh DK, Huh JW, Lim C-M, Koh Y, 

Hong S-B. Vitamin C alone does not improve 

treatment outcomes in mechanically ventilated 
patients with severe sepsis or septic shock: a 

retrospective cohort study. J Thorac Dis 

2019;11:1562-70. 

61. Litwak JJ, Cho N, Nguyen HB, Moussavi K, 
Bushell T. Vitamin C, Hydrocortisone, and 

Thiamine for the Treatment of Severe Sepsis 

and Septic Shock: A Retrospective Analysis of 

Real-World Application. J Clin Med 2019;8. 


	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34

