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INTRODUCTION
Sepsis incidence rate has been found to be up to 535 

cases per 100,000 person-years [1]. Its in-hospital mortality 
remains high at 25%–30% [2]. Intraabdominal infection (IAI) 
is the second most common cause of infectious mortality in 
intensive care units (ICUs) [3]. Complicated IAI (cIAI) has a 
reported mortality rate as high as 30% [4,5]. Source control is 
considered fundamental to the treatment of most patients with 

IAI [6,7]. However, it remains the leading cause of death in the 
ICUs with a huge healthcare cost in spite of major advances 
in diagnostics and surgical and antimicrobial treatment [8,9]. 
Additional interventions to improve outcomes of patients with 
septic shock have been presented. Recently, several studies 
have reported the outcome of a combination of hydrocortisone, 
ascorbic acid, and thiamine (HAT) therapy in the treatment of 
sepsis and septic shock. In one study of septic ICU patients, the 
combination of HAT has dramatically improved organ injury, 
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Purpose: The aim of this study was to assess the efficacy of intravenous hydrocortisone, ascorbic acid, and thiamine (HAT) 
combination therapy in complicated intraabdominal infection (cIAI) patients with septic shock.
Methods: This was a single-center, retrospective before-after clinical study comparing clinical outcomes of cIAI patients 
with septic shock treated with HAT in a surgical intensive care unit (ICU). Delta modified sequential organ failure 
assessment (mSOFA) scores were evaluated to assess recovery of organ dysfunction. Additional outcomes included 
procalcitonin level change, daily vasopressor dosage, mean number of days free of mechanical ventilation in 28 days, and 
renal replacement therapy days.
Results: The delta mSOFA score (ICU admission mSOFA score minus 7th-day mSOFA score) was significantly higher in 
the HAT group than in the control group on the 7th day (2.30 vs. –0.90, P = 0.003). The median 7-day change in procalcitonin 
score was higher in the control group than in the HAT group (5.94 vs. 10.72, P = 0.041). The difference in vasopressor score 
between the 1st day and the 4th day was significantly higher in the HAT group (17.63 vs. 9.91, P = 0.005).
Conclusion: In our study of cIAI in patients with septic shock, administration of HAT therapy may improve the recovery from 
organ dysfunction.
[Ann Surg Treat Res 2021;100(6):356-363]
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time to shock reversal, and mortality [10]. Another retrospective 
before-after cohort study has shown that such combination 
therapy can improve chest radiologic findings of patients with 
severe pneumonia and tend to reduce their mortality [11]. A 
double-blinded randomized control study for the treatment 
of sepsis and septic shock following cardiac surgery has 
shown that such combination therapy is effective in reducing 
vasopressors dosage and mortality in postoperative adult 
cardiac surgical patients with septic shock [12]. However, there 
is no report about the effect of such HAT therapy for septic 
shock with cIAIs.

In the present study, we hypothesized that the HAT therapy 
could prevent organ dysfunction, promote recovery from 
shock, and reduce ICU length of stay (LOS) and mortality 
of cIAI patients with septic shock. To test this hypothesis, 
we performed a retrospective before-after cohort study and 
assessed the efficacy of HAT therapy for cIAI patients with 
septic shock. 

METHODS
This was a single-center, retrospective before-after clinical 

study comparing clinical outcomes of cIAI patients with septic 
shock treated with intravenous HAT during 12 months with a 
control group conventionally treated in surgical ICU during the 
preceding 36 months. This study was conducted at Samsung 
Medical Center in Seoul, Korea. This study was approved by 
the Institutional Review Board of Samsung Medical Center 
(No. SMC 2019-10-117). The requirement for informed consent 
was waived due to its retrospective nature. Patients who were 
admitted between January 2018 and December 2018 were 
all treated with the HAT therapy protocol (the HAT group). 
Patients who were admitted to the same ICU between June 
2015 and January 2017 were not treated with the HAT protocol 
(the control group). The period to have enough patients for the 
control group was longer than that for the HAT treatment group 
because fewer patients were enrolled in the control group than 
in the HAT group when the same period was considered.

Patients aged 18 years or older who had septic shock with 
cIAI treated by emergency surgery were included. Septic shock 
was defined as sepsis with persisting hypotension requiring 
vasopressors to maintain the mean arterial pressure (MAP) 
≥ 65 mmHg and serum lactate level > 2 mmol/L (18 mg/
dL) despite adequate volume resuscitation [13]. Those who 
had bilateral ureteric obstruction, chronic hemodialysis, iron 
overload, hemochromatosis, hyperuricemia, gout, cystinuria, 
glucose-6-phosphate dehydrogenase (G6PD) deficiency, or 
kidney oxalate stone were excluded [14].

Treatment protocol 
 The overall treatment was similar for patients with septic 

shock in control and treatment groups except that HAT 
therapy was used for those in the treatment group. During the 
treatment period, cIAI patients were treated with HAT therapy 
which included intravenous vitamin C of 1,500 mg every 6 
hours, intravenous hydrocortisone of 50 mg every 6 hours, and 
intravenous thiamine of 200 mg every 12 hours according to 
the Marik protocol [10]. This treatment was started within 12 
hours after ICU admission and continued for 4 days or until ICU 
discharge in addition to routine treatment for septic shock.

All patients received treatment for septic shock per our 
hospital’s protocol. According to the protocol, fluid resuscitation 
was performed by fluid challenge of 500 mL plasma solution 
every 15 minutes until an MAP of >65 mmHg was reached. 
When the MAP was still less than 65 mmHg during or after 
30 mL/kg of intravenous crystalloid, vasopressor was added. 
Norepinephrine is the vasopressor of the first choice, targeting 
an MAP of >65 mmHg. For patients who failed to achieve this 
target with norepinephrine dose of >0.2 mg/kg/minute, fixed-
dose vasopressin at 0.03 units/minute was then added followed 
by epinephrine. For the management of infection, broad-
spectrum intravenous antibiotics were given as soon as possible 
after septic shock was diagnosed. The protocol did not change 
during the inclusion period.

Data collection
Patients’ clinical and demographic data, including age, 

sex, comorbidities, presence of bacteremia, and whether the 
patient was being treated with mechanical ventilation and/or 
renal replacement therapy were abstracted from the electronic 
medical record (EMR). In addition, the severity of illness at 
the time of ICU admission was recorded. It was assessed using 
Simplified Acute Physiology Score III (SAPS III) and sequential 
organ failure assessment (SOFA) score. Lambden et al. [15] 
recommend that if no value is recorded prior to intubation, 
then a normal value (Glasgow Coma Scale [GCS], 15/15) is often 
inferred. And formal assessment of GCS can be undertaken 24 
hours after the cessation of sedative medication by infusion. 
In our study, daily GCS measuring was difficult because many 
patients were intubated for their surgery or sedated because 
of postoperative pain control. Thus, we eliminated the central 
nervous system (GCS) score from the SOFA score. We called it 
a modified SOFA (mSOFA) score. To obtain the mSOFA score, 
5 organ systems were scored, with a maximum score of 20. We 
selected the worst value for each SOFA parameter at specified 
time points (4:00 AM, 9:00 AM, 2:00 PM, 9:00 PM) every day 
for a week in the ICU using the EMR program for automatic 
calculation of SOFA score. In our surgical ICU, procalcitonin 
levels were routinely monitored on days 0, 4, and 7 for early 
detection, monitoring, and guiding antibiotic treatment of 
septic shock [16]. These data were extracted. 

Vasopressor data collected included agents used and their 
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Table 1. Baseline characteristics of total control and HAT groups

Characteristic
Group

P-value
Control HAT

No. of patients 81 44
Age (yr) 67.7 ± 17.92 68.9 ± 11.52 0.632
Male sex 50 (61.7) 25 (56.8) 0.553
Operation and infection site 
   Upper GI tract 31 (38.3) 17 (38.6) 0.968
   Lower GI tract 35 (43.2) 19 (43.2) 0.998
   Biliary 10 (12.3) 2 (4.5) 0.212
   Liver 2 (2.5) 4 (9.1) 0.183
   Others 3 (3.7) 2 (4.5) >0.999
Comorbidity 
   Diabetes mellitus 25 (30.9) 12 (27.3) 0.674
   Hypertension 41 (50.6) 28 (63.6) 0.190
   Malignancy 70 (86.4) 35 (79.5) 0.320
   Coronary artery disease 10 (12.3) 2 (4.5) 0.212
   Liver cirrhosis 3 (3.7) 4 (9.1) 0.241
   CVA 17 (21.0) 5 (11.4) 0.223
   CKD 11 (13.6) 7 (15.9) 0.792
SAPS III 58.6 ± 15.6 61.4 ± 13.3 0.308
Predicted death 35.8 ± 24.2 40.3 ± 22.5 0.315
Mechanical ventilation 41 (50.6) 27 (61.4) 0.249
CRRT 6 (7.4) 9 (20.5) 0.032
Pathogen type in blood culture
   Gram positive alone 12 (14.8) 6 (13.6) 0.858
   Gram negative alone 10 (12.3) 6 (13.6) 0.837
   Mixed 1 (1.2) 0 (0.0) 0.648
   Others 1 (1.2) 2 (4.5) 0.283
   No pathogen 57 (70.4) 30 (68.2) 0.840
Pathogen type in abdomen fluid culture 
   Gram positive alone 12 (14.8) 6 (13.6) 0.858
   Gram negative alone 10 (12.3) 8 (18.2) 0.375
   Mixed 20 (24.7) 16 (36.4) 0.169
   Others 1 (1.2) 3 (6.8) 0.125
   No pathogen 38 (46.9) 11 (25.0) 0.017

Values are presented as number only, mean ± standard deviation, or number (%). 
HAT, hydrocortisone, ascorbic acid, and thiamine combination therapy; GI, gastrointestinal; CVA, cerebrovascular accident; CKD, 
chronic kidney disease; SAPS III, Simplified Acute Physiology Score III; CRRT, continuous renal replacement therapy. 
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Fig. 1. Disposition of patients 
in this study. ICU, intensive 
care unit; IAI, intraabdominal 
infection; HAT, hydrocortisone, 
ascorbic acid, and thiamine 
combination therapy.
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dosages during treatment. Vasopressor dosages were converted 
to norepinephrine equivalents using the following formula: 

Norepinephrine equivalents = [norepinephrine (μg/min)] 
+ [dopamine (μg/kg/min) ÷ 2] + [epinephrine (μg/min)] + 
[phenylephrine (μg/min) ÷ 10] + [vasopressin (units/hr) × 8.33] 
[17,18].

Statistical analyses
Recovery from organ dysfunction was the primary outcome. 

The mSOFA scores were evaluated to assess organ dysfunction. 
Delta mSOFA score (mSOFA score on ICU admission day 
minus scores on each day from the 4th to the 7th ICU day 
and maximum mSOFA score on the first day minus scores 
on each day from the 4th to the 7th ICU day) were evaluated 
to assess recovery of organ dysfunction. Secondary outcomes 
included ICU and hospital LOS and ICU and hospital mortality. 
Additional outcomes included procalcitonin level change, daily 
vasopressor dosage, mean number of days free of mechanical 
ventilation in 28 days, and renal replacement therapy days.

All data are presented as means ± standard deviations 
for continuous variables and numbers (percentages) for 

categorical variables. Data were compared using Student t-test 
for continuous variables and the chi-square test or Fisher exact 
test for categorical variables. All tests were 2-sided and P-values 
of <0.05 were considered statistically significant. Data were 
analyzed using IBM SPSS Statistics ver. 20 (IBM Corp., Armonk, 
NY, USA).

RESULTS
During the treatment period, 93 septic patients received 

the HAT therapy. Of these, 49 patients were excluded because 
of the following reasons: (1) the focus of infection was not 
abdomen; (2) they were treated without surgery; (3) they had 
short norepinephrine infusion time or insufficient data. During 
the control period, 220 septic patients were admitted to the 
surgical ICU. Of these patients, 139 were excluded because they 
were non-cIAI patients or nonoperative patients or they had 
short norepinephrine infusion time. The remaining 44 patients 
were assigned to the HAT treatment group while 81 patients 
were included for the control group (Fig. 1).

Characteristics of patients in the 2 groups at baseline were 
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similar (Table 1). There were no significant differences in age, 
sex, or comorbidities. The most common infection in both 
groups was lower gastrointestinal infection (38.6% in the HAT 
group vs. 38.3% in the control group, P < 0.968), followed by 
upper gastrointestinal infection and biliary or liver infection. 
Initial SAPS III scores were similar in both groups (58.59 in the 
HAT group vs. 61.43 in the control group, P = 0.308). Those in 
the HAT group were more likely to require renal replacement 
therapy than those in the control group (20.5% vs. 7.4%, P = 
0.032). 

There was no significant (P = 0.785) difference in the 
percentage of patients and the pathogen type in blood culture 
between the 2 groups. The HAT therapy group had more 
positive abdomen fluid cultures than the control group (75.0% 
vs. 53.1%, P = 0.017). However, there was no significant (P = 
0.576) difference in pathogen type in abdomen fluid culture 
between the 2 groups.

Primary outcome
Trends of daily mSOFA scores are shown in Fig. 2A. The 

mSOFA scores on day 1 and 2 in the control group were 

higher than those in the HAT group (day 1: 6.80 in the HAT 
group vs. 5.05 in the control group, P = 0.004; day 2: 7.61 in 
the HAT group vs. 6.25 in the control group; P = 0.019). The 
mSOFA scores from the 3rd day to the 7th day were similar 
between the 2 groups (Table 2). The delta mSOFA score (ICU 
admission mSOFA score minus 4th–7th day mSOFA score) 
was significantly higher in the HAT group than in the control 
group on the 4th–7th day (Table 3). Another delta SOFA score 
(maximum mSOFA score during the first 3 days minus the 7th 
day mSOFA score) was also significantly high in the HAT group 
(maximum SOFA score).

Secondary outcomes
There was no significant difference in procalcitonin score on 

the 1st, the 4th, or the 7th day between the 2 groups. However, 
the median (interquartile range) 7-day change in procalcitonin 
score (ng/mL) was higher in the HAT group than in the control 
group (5.94 [1.7–10.5] in the HAT group vs. 10.72 [2.2–34.30] in 
the control group, P = 0.041) (Table 4). Trends of procalcitonin 
scores are shown in Fig. 2B.

There was no significant difference in each daily vasopressor 

Table 3. Delta mSOFA scores between the mSOFA scores of 
day 1 and day 4–7  

Day

No. of patients ΔmSOFA score

P-valueControl 
group

HAT 
group

Control 
group

HAT 
group

1–4  79 43 –0.48 ± 2.60 1.44 ± 2.86 <0.001
1–5 65 38 –0.29 ± 3.06 2.13 ± 3.20 <0.001
1–6  53 31 –0.47 ± 3.10 2.48 ± 3.03 <0.001
1–7  39 20 –0.90 ± 2.96 2.30 ± 3.80 0.003

Values are presented as number only or mean ± standard 
deviation.
mSOFA, modified sequential organ failure assessment; HAT, 
hydrocortisone, ascorbic acid, and thiamine combination therapy.
Delta (Δ) mSOFA score is mSOFA score on the intensive care unit 
(ICU) admission day minus scores on each day from the 4th to 
the 7th ICU day and maximum mSOFA score on the first day 
minus scores on each day from the 4th to the 7th ICU day. 

Table 2. Comparison of daily mSOFA scores between groups

Day

No. of patients mSOFA score

P-valueControl 
group

HAT 
group

Control 
group

HAT 
group

1 81 44 5.05 ± 2.17 6.80 ± 3.19 0.004
2 81 44 6.25 ± 2.24 7.61 ± 3.11 0.019
3 81 44 5.83 ± 2.60 6.84 ± 3.66 0.339
4 79 43 5.44 ± 2.91 5.37 ± 3.21 0.798
5 65 37 5.31 ± 3.11 5.11 ± 2.90 0.886
6 53 31 5.49 ± 3.06 4.97 ± 2.88 0.589
7 39 20 6.13 ± 3.00 5.30 ± 3.17 0.425

Values are presented as number only or mean ± standard 
deviation. 
mSOFA, modified sequential organ failure assessment; HAT, 
hydrocortisone, ascorbic acid, and thiamine combination 
therapy.

Table 4. Comparisons of procalcitonin at day 1, 7, 4 and delta procalcitonin of day 1–7

Day
No. of patients Procalcitonin (ng/mL)

P-value
Control group HAT group Control group HAT group

1 53 58 11.27 (1.89–28.89) 19.77 (2.00–58.20) 0.454
4 33 36 8.36 (2.29–22.57) 2.53 (1.98–4.21) 0.737
7 31 26 1.72 (0.70–6.29) 0.91 (0.37–5.45) 0.166

Δ1–7  25 24 5.94 (1.7–10.5) 10.72 (2.2–34.30) 0.041

Values are presented as number only or median (interquartile range).
HAT, hydrocortisone, ascorbic acid, and thiamine combination therapy. 
Delta (Δ) 1–7 procalcitonin score is procalcitonin score on ICU admission day minus scores on 7th ICU day.
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score between the 2 groups (Table 5, Fig. 2C). However, the 
difference in vasopressor score between the 1st day and the 4th 
day was significantly higher in the HAT group (17.63 in the HAT 
group vs. 9.91 in the control group, P = 0.005). 

Daily lactate levels were not significantly different between 
the 2 groups. The difference in lactate level between the 1st day 
and the 7th day was similar between the 2 groups (median: 
3.15 in the HAT group vs. 3.29 in the control group, P = 0.573). 
Trends of daily lactates are shown in Fig. 2D. There was no 
significant difference in the median number (interquartile 
range) of days on continuous renal replacement therapy 
(CRRT: 12 [6.5–16.8] in the HAT group, n = 6 vs. 4 [3.5–9.5] in 
the control group, n = 9; P = 0.066) or the ventilator-free day 
(median [interquartile range]: 25 [17.5–26.0] in the HAT group, n 
= 41 vs. 26 [23.5–26.5] in the control group, n = 27; P = 0.052).

The time to discharge from the ICU was similar between 
the 2 groups (median [interquartile range] days of CRRT: 4.0 
[3.00–8.75] in the HAT group vs. 4.6 [2.72–10.42] in the control 
group, P = 0.873). The median (interquartile range) hospital 
LOS was also similar between the 2 groups (28.10 [15.84–44.40] 
in the HAT group vs. 33.9 [13.23–51.28] in the control group, P 
= 0.860). The ICU mortality (13.6% in the HAT group vs. 11.1% 
in the control group, P = 0.678) and hospital mortality (25.0% in 
the HAT group vs. 33.0% in the control group, P = 0.417) failed 
to show significant difference between the 2 groups. 

DISCUSSION
In this study, whether HAT therapy could be effective for 

cIAI patients with septic shock was evaluated. Major findings 
of this study were as follows: (1) changes in the SOFA score 
between initial and 7th-day SOFA scores in the HAT group were 

significantly greater than those in the control group. Changes 
between maximal SOFA scores within 3 days and the 7th day 
in the HAT group were also significantly greater than those in 
the control group; (2) changes in vasopressor and procalcitonin 
levels also were remarkable in the HAT therapy group; (3) 
HAT therapy did not shorten ICU LOS or hospital LOS; and (4) 
HAT therapy did not improve mortality when compared to the 
control. We found that HAT was effective for recovering organ 
dysfunction and tapering vasopressor in septic patients with 
cIAI.

Results of combined therapy are different among studies. 
Marik et al. [10] have demonstrated significant decreases in 
mortality and end-organ dysfunction in patients with severe 
sepsis and septic shock after receiving HAT therapy. A similar 
before-after study by Kim et al. [11] found that patients who 
received the HAT therapy had a substantial mortality benefit. 
On the contrary, in a propensity score-based analysis of a 
before-after cohort study, Shin et al. [19] found that there 
was no mortality benefit in the early administration of 
vitamin C and thiamine in the overall patient population. 
A randomized controlled trial by Fowler et al. [20] found 
that a 96-hour infusion of vitamin C compared with placebo 
did not improve organ dysfunction or levels of biomarkers 
indicating inflammation or vascular injury by 168 hours. On 
the contrary, vitamin C compared with placebo was associated 
with a significant reduction in 28-day all-cause mortality, with 
significantly increased ICU-free days to day 28 and hospital-
free days to day 60. Why such a result was obtained was not 
known. Differences in outcomes among studies might be due 
to different characteristics of patients and various doses of 
vitamin C used in different studies.

The main strength of our study was the inclusion of patients 
with cIAI who had surgical source control. These patients were 
different from general medical patients with septic shock. For 
patients with cIAI, source control is needed to eliminate the 
source of infection, to control ongoing contamination, and to 
restore premorbid anatomy and function. Antimicrobial therapy 
is also needed to prevent local and hematogenous spread while 
reducing late complication [21]. Although cIAI has been treated 
with surgery for source control and antibiotics, these patients 
may also need organ function support in case of septic shock.

Our study has several limitations. First, our data reflected 
observations at a single center with a relatively small sample 
size that might not be generalizable to other settings. 
Second, due to the retrospective nature of this study, other 
unknown factors might have influenced the results of this 
study. Furthermore, the HAT treatment and control periods 
occurred during different seasons. There was an inevitable time 
difference in before and after intervention study. Advancing 
of medical knowledge, procedure, or drug might give better 
outcomes to patients admitted later. We cannot exclude positive 

Table 5. Comparison of the daily vasopressor score and 
delta vasopressor score

Day
Vasopressor score

P-value
Control group (n = 81) HAT group (n = 44)

1 12.88 ± 10.78 18.43 ± 19.23 0.082
2 11.98 ± 12.65 14.19 ± 16.37 0.093
3 7.48 ± 13.91 5.39 ± 10.27 0.354
4 2.97 ± 7.84 2.01 ± 4.78 0.158

Δ1–3  5.40 ± 13.38 14.00 ± 18.00 0.004
Δ1–4  9.91 ± 11.49 17.63 ± 18.33 0.005

Values are presented as number only or mean ± standard 
deviation. 
HAT, hydrocortisone, ascorbic acid, and thiamine combination 
therapy. 
Vasopressor score: norepinephrine equivalents = [norepinephrine 
(μg/min)] + [dopamine (μg/kg/min) ÷ 2] + [epinephrine (μg/min)] 
+ [phenylephrine (μg/min) ÷ 10] + [vasopressin (units/hr) × 8.33].
Delta (Δ) vasopressor score is vasopressor score on ICU admission 
day minus scores on each ICU day.
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effects of these factors. However, there were no major treatment 
or policy changes implemented between both periods of the 
study. Third, we had a large number of missing values. We 
could not obtain SOFA score after patients were discharged 
from ICU because daily laboratories were not continued in a 
general ward. Procalcitonin was not ordered for all patients. It is 
a possible source of selection bias. Fourth, we did not measure 
vitamin C or thiamine level before, during, or after treatment. 
Thus, we do not know how many patients had vitamin 
deficiency, how much increase in vitamin level during and 
after treatment, and how much of these vitamins is needed for 
shock patients. Moreover, it remains possible that there were 
differences between the combined treated and conservative 
treated groups in terms of vitamin C levels. Such a difference 
is a possible source of selection bias. Fifth, the duration for the 
control group was not the same as that for the treatment group. 
There were fewer cIAI patients in the control group compared 
to the control group. It may be the result of missing data of cIAI. 
Sixth, on days 1 and 2, the mSOFA score, vasopressor score, and 
procalcitonin score were higher in the combined HAT treatment 
group than control group. We thought there was a difference in 
severity between the 2 groups due to the retrospective nature 
of this study. However, our data shows that the mSOFA score, 
vasopressor score, and procalcitonin score were markedly 
decreased in the HAT treatment group compared to the control 
group. Despite these limitations, our study illustrated the 
potential positive impact of combined HAT treatment for the 
management of cIAI patients with septic shock.

In our study of cIAI in patients with septic shock, 
administration of intravenous HAT therapy may improve the 

recovery from organ dysfunction, even though it has been 
treated with surgery for source control. Further research is 
needed to evaluate the potential role of HAT therapy in other 
outcomes of cIAI patients with septic shock.
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