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Background: Septic shock due to Mycobacterium tuberculosis (MTB) is an uncommon but well-
recognized clinical syndrome. The objective of this study was to describe the unique clinical
characteristics, epidemiologic risk factors, and covariates of survival of patients with MTB septic
shock in comparison with other bacterial septic shock.
Methods: A retrospective nested cohort study was conducted of patients given a diagnosis of
MTB septic shock derived from a trinational, 8,670-patient database of patients with septic shock
between 1996 and 2007.
Results: In the database, 53 patients had been given a diagnosis of MTB shock compared with
5,419 with septic shock associated with isolation of more common bacterial pathogens. Patients
with MTB and other bacterial septic shock had in-hospital mortality rates of 79.2% and 49.7%,
respectively (P <.0001). Of the cases of MTB shock, all but five patients had recognized respira-
tory tract involvement. Fifty-five percent of patients (29 of 53) were documented (by direct cul-
ture or stain) as having disseminated extrapulmonary involvement. Inappropriate and appropriate
initial empirical therapy was delivered in 28 patients (52.8%) and 25 patients (47.2%); survival
was 7.1% and 36.0%, respectively (P =.0114). Ten patients (18.9%) did not receive anti-MTB
therapy; all died. The median time to appropriate antimicrobial therapy for MTB septic shock
was 31.0 h (interquartile range, 18.9-71.9 h). Only 11 patients received anti-MTB therapy within
24 h of documentation of hypotension; six of these (54.5%) survived. Only one of 21 patients
(4.8%) who started anti-MTB therapy after 24 h survived (P =.0003 vs <24 h). Survival differ-
ences between these time intervals are not significantly different from those seen with bacterial
septic shock due to more common bacterial pathogens.
Conclusions: MTB septic shock behaves similarly to bacterial septic shock. As with bacterial septic
shock, early appropriate antimicrobial therapy appears to improve mortality.

CHEST 2013; 144(2):474-482

Abbreviations: AFB = acid-fast bacilli; APACHE = Acute Physiology and Chronic Health Evaluation; CATSS = Coop-
erative Antimicrobial Therapy of Septic Shock; IQR = interquartile range; MTB = Mycobacterium tuberculosis

Mycobactem’um tuberculosis (MTB) infects nearly
one-third of the world’s population, resulting in
9.4 million new cases and nearly 1.7 million deaths
each year'; 25% of these deaths occur among patients
with HIV2 Although the incidence of TB in the United
States and Canada (3.6 in 2010 and 4.7 in 2009 per
100,000 population, respectively) is low and contin-
ues to decrease annually, the proportions of infected
foreign-born patients and patients in medically under-
served populations are much higher.34

Untreated progressive TB is usually fatal, with death
typically resulting from ARDS and various forms of
miliary involvement of extrapulmonary organs. Little
is known regarding the characteristics of the subset
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of infected patients who develop septic shock. To date,
there have been approximately 25 cases of MTB sep-
tic shock reported sporadically in the literature. Our
case series focused on identifying the unique clinical
characteristics, epidemiologic risk factors, and cova-
riates of mortality of patients with MTB septic shock
in comparison with other bacterial septic shock.

MATERIALS AND METHODS

Methods

A retrospective review was performed of adult patients
(= 18 years of age) diagnosed with septic shock. A waived consent
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protocol was approved by the Health Ethics Board of the Univer-
sity of Manitoba (H2003-087) and at each individual participating
center. Consecutive adult patients with septic shock from 28 med-
ical academic and community institutions interested in contributing
to the study in Canada, the United States, and Saudi Arabia for
periods between 1996 and 2007 were identified retrospectively
using either internal ICU registries/databases (96% of cases) and/or
International Classification of Diseases, Ninth Revision or Tenth
Revision coding strategies (4% of cases). A breakdown of the geo-
graphic regions and the academic/community natures of the con-
tributing institutions has been published previously> Each potential
case was screened to determine whether the case met the specific
criteria for septic shock, as described by the 1991 Society of Critical
Care Medicine/American College of Chest Physicians consensus
statement on sepsis definitions.® As per that definition, case patients
were required to have documented or suspected infection, persis-
tent hypotension requiring therapy with vasopressors, and two
of the following four elements: (1) a heart rate of =90 beats/min;
(2) a respiratory rate of = 20 breaths/min or Pco, of =32 mm Hg;
(3) a core temperature of =36°C or =38°C; and (4) a WBC count
of =4,000/nL, =12,000/p.L, or = 10% immature (bands) forms.
Each institution contributed a minimum of 50 cases of septic
shock. This data set comprised the most current iteration of the
Cooperative Antimicrobial Therapy of Septic Shock (CATSS)
database.

The diagnosis of MTB septic shock was based on appropriate
clinical suspicion in combination with positive staining for acid-fast
bacilli (AFB) and cultures from sputum, body fluids, and tissues,
as well as the absence of another more plausible pathogen. All
cases were confirmed by standard laboratory testing and/or poly-
merase chain reaction. Each potential MTB septic shock case
was adjudicated to have MTB septic shock by the attending phy-
sician of record, the infectious diseases consultant, and the primary
investigator. The decision was based, in part, on the pathogenicity,
isolation site, and density of any bacterial or fungal copathogen.
In 14 cases, patients with AFB positivity/ MTB isolation were
adjudicated to not have MTB septic shock based on the presence
of more likely pathogens in the blood or other infection site.
Those cases were not used in this analysis. Confirmed MTB septic
shock cases were compared with culture-positive cases of bacte-
rial septic shock in the database.

Manuscript received May 22, 2012; revision accepted January 10,
2013.
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Subsets of subject data from the CATSS database examined in
this study have been used for several earlier publications>” Data
collection methods were described in those previous studies.”
Data were collected by trained research nurses/medical students
using a standardized and piloted data-extraction template. Vari-
ables collected included patient demographics, baseline comorbidi-
ties, Acute Physiology and Chronic Health Evaluation (APACHE)
IT score%physiologic/laboratory parameters following onset of
shock, and the need for hemodynamic or ventilatory support. The
first use of any appropriate antimicrobial therapy was determined
for all cases. Appropriate antimicrobial therapy was considered to
have been initiated if an antimicrobial with proven or expected
(for MTB and some specific bacterial [eg, Legionella species])”
in vitro activity appropriate for the isolated pathogen or patho-
gens was either the first new antimicrobial started after onset of
recurrent or persistent hypotension or was initiated within 6 h of
administration (for bacterial isolates) of the first new antimicro-
bial. Otherwise, inappropriate therapy was considered to have
been initiated. MTB cases were required to have had at least two
standard antimicrobials (including rifampin and isoniazid) initiated
to be considered appropriate. The site of infection, microbiologic
culture results, and time to appropriate antimicrobial therapy from
the first documentation of persistent/recurrent hypotension were
also recorded.

A priori criteria were developed to determine uniformly the
primary pathogen(s) and to assess the appropriateness of anti-
microbial therapy across participating institutions, as described
previously.” For unanticipated scenarios not covered by the pre-
determined rules, data were reviewed independently by two
infectious disease/critical care medicine physicians blinded to
outcome. Agreement allowed data entry. Discordant assessments
were reviewed by a third similarly trained physician, whose
decision was determinative. A similar adjudication approach was
used for other issues for which clinical judgment was required.

Statistical Analysis

The primary outcome variable was survival to hospital discharge,
including discharge to a chronic health care facility. x* analysis was
used to compare survival in subgroups of patients. x2 tests were
used to examine the distribution of comorbidities and clinical
infection sites among those receiving appropriate or inappropriate
initial therapy. Similarly, the Fisher exact test was used to examine
for smaller groups where appropriate. Student ¢ tests were used
for comparisons of continuous variables, including laboratory
values. Data are expressed as mean *+ SD for normally distributed
variables and median (interquartile range [IQR]) for others.

RESULTS

This iteration of the CATSS database contained
8,670 patients who met the criteria for septic shock.
Of these, 5,419 represented cases of culture-positive
bacterial septic shock. The remainder represented
culture-negative septic shock (n=2,651) or septic shock
associated with other pathogens.

We describe the characteristics of the 53 patients
with a specific diagnosis of septic shock from MTB in
the database. Overall, 1.0% of culture-positive bacte-
rial septic shock cases within the CATSS database
were caused by MTB. The frequency of MTB septic
shock cases (relative to all culture-positive septic shock)
ranged from 0% at several North American sites to
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3.3% in Saudi Arabia. The highest frequency in North There were significant differences in mean BMI
American sites was 1.1% in Manitoba. The frequency between patients with MTB and those with bacterial
of MTB septic shock relative to reported incidence shock (22.2 kg/m? vs 27.3 kg/m?; P = .003; 95% CI,
of MTB cases in Manitoba averaged 1.8% for the 1.66-8.53). Among patients with MTB septic shock with
decade from 1998 to 2007. The demographics and an evaluable BMI, no patient with a BMI = 20 kg/m?

major sites of infection in comparison with bacterial (mean BMI, 17.3 kg/m?) survived. Mean BMI among
septic shock are presented in Table 1. Notably, the survivors was 25.4 kg/m2. Nonsurvivors with a lower
average age of MTB septic shock cases was almost BMI (<20 kg/m?) died nearly 2 weeks earlier (17.8 days)
a decade lower than bacterial septic shock cases than nonsurvivors with a BMI >20 (36.3 days),
(54.8 £ 17.9 years vs 62.1 = 16.2 years, P <.0001). although this difference was not statistically signif-
The sex distribution was similar in both groups, with a icant (P =.2753; 95% CI, —17.4 to 55.4).

modest preponderance of males (52.8% MTB vs 57.7% In most patients with MTB septic shock, overt clin-
bacterial, P = .4731). APACHE II scores were similar ical signs of infection were present at the time of pre-
in both groups (24.6 = 7.3 MTB vs 25.6 = 8.2 bacte- sentation; mean temperature was 37.6 (=1.83)°C, with
rial septic shock) with the one-point difference explain- 56% of patients presenting with temperatures > 38°
able by the difference in age distributions. and 16% with temperatures < 36°; mean heart rate

Table 1—Demographic Characteristics of Patients With MTB or Bacterial Septic Shock

Demographics MTB All Bacterial All P Value (95% CI)  MTB Survivors MTB Nonsurvivors P Value (95% CI)
Total 53 (1) 5,419 (99) 11 42
Age,y 548+ 179 62.1 +16.2 .009 (3.02 to 11.7) 509*144 55.8+18.7 423 (=7.3t017.1)
Sex
Male 28 (53.0) 3,128 (58.0) 487 5 (45.0) 23 (55.0) 1.0
Female 25 (47.0) 2,291 (42.0) 6 (54.0) 19 (45.0)
BMI, kg/m2 222+4.1 273*76 .003 (1.66 to 8.53) 25.4+28 20.9+4.0 .074 (—0.45 to 8.6)
Temp, °C 376*+1.8 376+1.7 1.0(—0.47t0047) 37.1x29 37.7+15 363 (—1.9t00.71)
APACHE I 24.6+7.3 25.6+8.2 267 (—1.0 to 3.6) 20£39 259=+75 .016 (1.15 to 10.6)
WBC, cells/uL. 104+6.7 16.2+13.9 .003 (1.95 to 9.84) 9.0+6.3 10.8+6.9 459 (—6.06 to 3.06)
Creatinine, pmol/L 152.2 +122.3« 204.3 +162.3> .0338 (3.8 to 100.3) 80.5 +=45.1¢ 176.1 = 130.8¢ 0227 (14.0 to 177)
Albumin, g/dL 1.76 = 0.24¢ 2.25+ 0.71¢ .0131 (0.10 to 0.87) 1.70 = 0.10¢ 1.78 +0.27" —0.5314 (—0.18 to 0.34)
No. organ failure day 1 3.8 3.7 1.0 2.8 4.1 1.0
Major comorbid illness
Diabetes 10 (18.8) 1,481 (27.3) 214 1(9.0) 9(21.4) 670
ETOH/substance abuse 16 (30.2) 2,216 (40.8) 124 4(36.0) 12 (28.5) 716
COPD 5(9.4) 2,347 (43.3) <.0001 2(18.1) 3(7.1) 274
ESRD 2(3.7) 558 (10.2) 167 0(0) 2 (4.7) 1.0
Liver failure 8 (15.1) 414 (7.6) .062 1(9.0) 7 (16.6) 1.0
Immunosuppression’ 20 (37.7) 2,235 (41.2) 675 2(18.1) 18 (42.8) 175
HIV/AIDS 8 (15.1) 156 (2.8) .0003 1(9.0) 7 (16.6) 1.0
Sites of infectioni
Respiratory 49 (92.4) 2,143 (39.5) <.0001 11 (100) 38(90.4) 568
Genitourinary 8(15.1) 729 (13.4) .686 3(27.2) 5(11.9) .340
Intraabdominal 4(7.5) 1,292 (23.8) .003 1(9.0) 3(7.1) 1.0
CNS 2(3.7) 62 (1.1) .023 0(0) 2(4.7) 1.0
Soft tissue 3(5.6) 532 (9.8) 482 0(0) 3(7.1) 1.0
Cardiac/pericardial 2(3.7) 76 (1.4) 174 2(18.1) 0(0) 040
Bacteremia 7(13.2) 2,562 (47.3) <.0001 0(0) 7 (16.6) .059
No respiratory involvement 5(9.4) 3,276 (60.5) <.0001 0(0) 5(11.9) 571

Data are presented as No. (%) or mean = SD. APACHE = Acute Physiology and Chronic Health Evaluation; ESRD = end-stage renal disease;
ETOH = alcohol; MTB = Mycobacterium tuberculosis.

an =44,

bn =4,244,

en=11.

n=33.

en=13.

m=1,103.

m=>5.

=15,

Tmmunosuppression includes diagnosis of AIDS, organ transplant, leukemia/lymphoma, metastatic malignancy, and neutropenia.
Nonrespiratory sites include involvement of respiratory tract unless specified.
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was 120 (£ 32.5) beats/min; respiratory rate was mark-
edly elevated for the most part (mean value, 31[*
11.6]/min) even though Pco, was not decreased on
average (38.1[* 13.0] mm Hg). The WBC count of
cases with MTB septic shock was within the normal
range (10.4 = 6.7 cells/pL) and was significantly lower
than the mean WBC count of cases with bacterial
septic shock (16.2 £ 13.9 cell/nL) (P =.003). Mean
albumin levels were 1.76 (* 0.20) g/dL. Mean creati-
nine in survivors and nonsurvivors (80.4 =45.1 wmol/L
vs 176.1 = 130.7 pmol/L; P=.0227; 95% CI, 14.0-177)
at the onset of shock appeared to separate out the
two groups more effectively than any other individual
laboratory test (Table 1). Random cortisol levels were
collected sporadically (16 patients) with no significant
difference between survivors of MTB and nonsur-
vivors (mean value, 876 (+ 507) pg/dL). Only one
patient had values <150 pg/dL. Sixteen additional
patients were treated with low-dose corticosteroids.
Hyponatremia has been considered an indicator
of the syndrome of inappropriate antidiuretic hor-
mone secretion or adrenal insufficiency in patients
with disseminated TB.11! Mean sodium levels in our
cohort were 137 (#10.6) mg/dL, with only six patients
(one survivor) considered hyponatremic (sodium
levels <130 mg/dL) at onset of shock.

Almost all patients with MTB septic shock (48 of
53; 90.1%) had primary respiratory disease with isola-
tion from the respiratory tract. Of the five others, two
had isolation from the urinary tract, one from both
the urinary and the gastrointestinal tract, one from
soft tissues, and one from blood only. In addition,
extrapulmonary disease was seen in association with
respiratory disease in about 25 of 48 patients (52%)
by direct culture or stain at an extrapulmonary site
(urinary, 11; intraabdominal, six; cerebrospinal fluid two;
soft tissue, two; other, nine [not mutually exclusive]).
In total, 29 of 53 patients (55%) had extrapulmonary
(disseminated) infection. Among those patients with-
out primary respiratory involvement, three had myco-
bacteremia, one with genitourinary TB and another
with gastrointestinal TB. Primary respiratory involve-
ment was far less common (39.5%) in the bacterial
septic shock group (P <.0001) (Table 1). Among patients
with presumed TB-associated septic shock, other bac-
terial organisms were isolated in the lung (six patients)
and/or at other anatomic sites (four patients).

A chest radiograph or radiologist’s report of the
same was available for 34 patients. Only four films
demonstrated a miliary pattern. In one case of a non-
pulmonary focus, the chest radiograph was clear of
any acute process. In all the remaining 29 cases, multi-
lobar consolidation, frequently diffuse, occasionally
with associated nodularity (n = 6) or cavitation (n = 6),
was noted at shock presentation. As a consequence
of the frequency of diffuse lobar consolidation at that

journal.publications.chestnet.org

time, an upper-lobe predilection (n=15) was not con-
sistently apparent. Review of available films from
before shock onset (days/weeks) when available yielded
this upper-lobe focus in two additional patients with
diffuse infiltrates at presentation.

Patient Outcomes

The 53 patients with MTB septic shock and the
5,419 patients with other bacterial septic shock exhib-
ited a hospital mortality of 79.2% and 49.7%, respec-
tively (P <.0001) (Table 2). Among nonsurvivors of
MTB septic shock, about one-half died in the first
15 days after the onset of shock, compared with about
one-third of patients with bacterial septic shock
(P =.052) (Table 2). Similarly, among cases of MTB
septic shock, approximately three-quarters had suc-
cumbed by 90 days after shock but <50% of patients
with bacterial septic shock died within the same time
frame (P <.0001).

APACHE II scores underestimated the probability
of mortality for cases with MTB septic shock.? Patients
with a mean score of 19 in our series had a 70% mor-
tality, rather than 25%; mean scores of 24 in our
series had associated mortality of 80% vs a predicted
40% to 50%.° This reduced survival was notable when
compared with bacterial septic shock. For each quar-
tile of APACHE II scores for MTB septic shock,
the equivalent division of bacterial septic shock cases
showed a consistently and substantially higher hospi-
tal survival (P <.0001) (Fig 1).

Survivors of MTB septic shock exhibited triple the
length of time to extubation than did their counter-
parts with bacterial shock (12 days vs 4 days; P =.0018;
95% CI, 3.23-14.1). Median hospital stay among sur-
vivors of MTB was twice that of patients with bacte-
rial shock (48 days vs 23 days; P =.0330; 95% CI,
1.97-48.0). Nonsurvivors experienced median hospi-
tal stays of 10.5 days (MTB) and 8 days (bacterial)
(P =.7344; 95% CI, —12.5 to 16.3) Twenty-eight per-
cent of patients with MTB survived to leave the ICU;
however, only 20% survived their hospital stay. Of
four patients who survived the ICU but died in hos-
pital, two received anti-TB treatment and had longer
hospital stays (50 and 92 days) when compared with
the other two, who did not receive anti-TB therapy
and had shorter hospital stays (4 and 7.9 days).

Twenty-eight of 53 patients (53%) were consid-
ered to have disseminated TB rather than pneumonia
alone. Seven patients had bacteremia, all of whom
died. We observed a substantially higher frequency
of HIV/AIDS among patients with MTB shock when
compared with their counterparts with bacterial shock
(15% vs 2.8%, P = .0003) (Table 1). Immunocompro-
mised patients (20 immunosuppressed and eight with
liver failure; one with both) had the lowest overall
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FIGURE 1. Relationship between APACHE II score? and survival
in MTB and bacterial septic shock. APACHE = Acute Physi-
ology and Chronic Health Evaluation; MTB = Mycobacterium
tuberculosis.

survival of 7.4% (two survivors from 27 cases). Among
those with AIDS, one of eight patients survived.
Alcohol was the single most common comorbidity
observed in the series (16 of 53, seven of whom had
liver failure). Alcohol/substance abusers overall had
a 25% survival rate.

Inappropriate and appropriate initial empirical ther-
apy was delivered in 28 cases (52.8%) and 25 cases
(47.2%) of MTB septic shock, respectively; survival
was 7.1% and 36.0%, respectively (P = .016) (Fig 2).
For bacterial septic shock, inappropriate and appro-
priate initial therapy was delivered in 16.6% and
83.4% of cases; survival was 15.8% and 57.1%, respec-
tively (P <.0001) (Fig 2). The frequency of inappro-
priate initial empirical therapy was substantially higher
in cases of MTB than in cases of bacterial septic shock
(P <.0001). Initiation of appropriate antimicrobials
following the onset of hypotension among survivors
(MTB, 81.8%; bacterial shock, 94.7%) was markedly
higher than among nonsurvivors (MTB, 38.1%; bac-
terial shock, 71.8%; P = .0418) (Fig 2). In 10 cases of
MTB (18.9%) and 217 cases of bacterial septic shock
(4.0%) (P <.0001), no appropriate therapy was ini-
tiated during the hospitalization (P <.0001). Sur-
vival in these groups was 0% and 4.2%, respectively
(P=NS). In 11 patients, anti-MTB therapy was initi-
ated before the onset of septic shock (median, 24 h;
range, 2.3-125 h); survival in this group was 36% (four
of 11 patients).

The median time to appropriate antimicrobial ther-
apy for MTB septic shock was 31.0 h (IQR, 18.9-71.9 h)
compared with 4.8 h (IQR, 1.8-11.5 h) for bacterial
septic shock (P <.0001). The median time to appro-
priate antimicrobial therapy among survivors and non-
survivors of MTB shock was 10.2 h (IQR, 6.9-17.3 h)
and 35.2 h (IQR, 26-78 h), respectively (P = .0164)
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FIGURE 2. Relationship between empirical antimicrobial appro-
priateness and survival in MTB and bacterial septic shock.
appr = appropriate empirical therapy; inappr = inappropriate
empirical therapy. See Figure 1 legend for expansion of other
abbreviation.

Only 11 patients received anti-MTB therapy within
24 h of documentation of hypotension; six (54.5%) of
these survived (Fig 3). Only one of 21 patients
(4.8%) who started anti-MTB therapy after 24 h
survived (P =.0003 vs <24 h) (Fig 3). Survival dif-
ferences between these time intervals are not signifi-
cantly different from those seen with bacterial septic
shock due to standard pathogens (Fig 3).

Twenty-one patients had pulmonary artery catheter
measurements within the first 24 h of shock onset.
The mean cardiac index (4.0 [+ 1.6] L/min/m?) and pul-
monary capillary wedge pressure (19 [+ 7.5] mm Hg)
indicate that, for the most part, filling pressures and

80 7

M bacterial septic shock
0 MTB septic shock

Survival (%)
s 3

N
o
1

; |

<24 >24

Antimicrobial Delay (hrs)

FIGURE 3. Relationship between antimicrobial delay and survival
in MTB and bacterialpseptic shock. No. survivors/No. total for
each group: <24 h MTB shock, 6/11; <24 h bacterial shock,
1,992/3,527; >24 h MTB shock, 1/24; > 24 h bacterial shock,
47/478. See Figure 1 legend for expansion of abbreviation.
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forward flow were adequate following fluid resuscita-
tion and hemodynamic support.

The cause of death among patients with MTB was
attributed to persistent septic shock in approximately
two-thirds of cases, with the majority of the remainder
being due to sepsis-associated multiple organ failure
(Table 2), values similar to those found in cases of bac-
terial septic shock. Neither patient with evidence of
pericardial involvement exhibited evidence of obstruc-
tive shock due to cardiac tamponade.

Di1scuUssioN

MTB infection is the leading cause of death in the
developing world. However, the estimated incidence
and case fatality rates due to TB in the United States,
Canada, and Saudi Arabia (3.6, 4.7, and 32-64 per
100,000 and 0.2, 0.2, and 0.9 per 100,000 population,
respectively) are considerably lower than for many
other regions in the world.>!2

This comparative study of the characteristics of
bacterial and MTB septic shock makes several novel
observations. First and foremost, our data demon-
strate that the probability of survival in patients with
MTSB septic shock is extremely poor. Further, the
data suggest that delayed initiation of appropriate
antimicrobial therapy likely due to impaired recog-
nition of disease plays a substantial role in this high
mortality.

In cases of severe bacterial septic shock, microbially
appropriate empirical antimicrobial therapy appears
to improve mortality.” Compared with bacterial septic
shock, a substantially larger fraction of patients with
MTB septic shock received inappropriate initial anti-
microbial therapy, which was associated with a signif-
icantly worse clinical outcome, including decreased
ICU and hospital survival (Fig 2, Table 2). Further,
the fraction of patients who did not receive appropri-
ate therapy before death was substantially higher in
patients with MTB septic shock, indicative of delayed
clinical suspicion. Our data suggest that recognition

bacterial septic shock, despite the significantly higher
overall MTB septic shock mortality (Fig 3).

The consequences of the greater delays to initiation
of appropriate antimicrobial therapy can be appreci-
ated in the comparison of APACHE II-stratified mor-
tality for MTB and other bacterial shock (Fig 1).
MTB septic shock mortality appears to be much hi%
than APACHE 11 scores would predict and hicher
than mortality in the comparable bacterial septic sﬁ
groups. The disparity between the APACHE II score
and observed mortality is likely because greater anti-
microbial delays have an adverse impact on mortality
that is independent of the presenting severity of ill-
ness.® This possibility is supported by observations
that the mean duration from MTB infection symp-
tom onset to the beginning of anti-TB treatment is
often greater than a month and is an independent
predictor of mortality.!314

Comorbid illness and socioeconomic factors are
also important risk factors in both the acquisition
and mortality risk of active MTB. When compared with
bacterial septic shock, diabetes, alcoholism, and immu-
nosuppression (including HIV/AIDS, organ trans-
plant, leukemia/lymphoma, metastatic malignancy, and
neutropenia) appeared to be associated with poorer
outcomes among patients with MTB septic shock. A
nonsignificant trend toward higher mortality among
patients with MTB shock and HIV/AIDS than com-
pared with their counterparts with bacterial shock
was also found (P =.0846). Several studies have
described the increased incidence of TB infection
among patients with HIV/AIDS with corresponding
mortality rates of approximately 20% in the United
States. This is lower than our observed morality of 75%
in this particular subset of patients with MTB septic
shock.15.16

Our findings relating to low BMI among patients
with active TB appear concordant with studies in HIV-
positive populations and patients in developing coun-
tries.!” An Asian epidemiologic study of > 1 million
patients with TB found that the risk of death from respi-
ratory causes among people with a BMI =20.0 kg/m?

of a potential MTB cause prior to or early after the
onset of hypotension and the development of organ sys-
tem dysfunction is perhaps the most effective strategy
to prevent death in MTB septic shock.

Delays in the initiation of appropriate empirical
antimicrobial therapy have been shown to be asso-
ciated with marked increases in mortality risk with
severe infections, particularly septic shock.® Notably,
this study shows that the mortality rate of MTB and
other confirmed bacterial septic shock is very similar
when mortality risk is stratified by delay to appropriate
antimicrobial therapy (Fig 3). Mortality rates for ther-
apy delayed by more or less than 24 h from the initial
documented hypotension is similar in MTB and other

480

was two to 4.5 times greater than for those with
a BMI >22.6 kg/m? these results are similar to
our finding that no patient with MTB shock and a
BMI =20 kg/m? survived, and all survivors of MTB
shock had a BMI > 22.6 kg/m2.15

Unfortunately, none of the risk factors or character-
istics of MTB septic shock are sufficiently specific to
allow early definitive differentiation from other causes
of septic shock in the absence of staining for AFB.
The vast majority of cases exhibited an abnormal chest
radiograph pattern at presentation, usually involving
a diffuse multilobar consolidation. Cavitation, nodu-
larity of infiltrates, or a miliary pattern was seen in

only a minority of cases. An upper-lobe predilection
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of infiltrates/consolidation was seen in about one-half
of the cases. Significant differences in epidemiologic
characteristics and laboratory findings existed but
were not sufficiently specific to allow consistent dif-
ferentiation. As a consequence, early therapy of MTB
shock should be predicated on an appreciation of
local epidemiologic risk factors and/or the presence
of suspicious features on the chest radiograph that
trigger staining for AFB.

To the best of our knowledge, no other studies have
similarly examined mortality risk factors in a large group
of cases of MTB septic shock. Earlier small studies
have suggested extremely high mortality rates from
MTB septic shock. Chiu and colleagues' described
11 non-HIV-infected patients with MTB bacteremia
at a university medical center in Taiwan, a country
where TB is endemic with a reported incidence of
64 per 100,000 population and estimated case fatality
rates of between 8% and 23%. Six of these 11 patients
developed septic shock; five of the six died. Among a
retrospective cohort of nearly 100 patients hospital-
ized with pulmonary TB, one-quarter of patients either
presented with or developed septic shock within 48 h
of ICU admission and experienced a 60% mortality.'*

The primary strength of this study is the size of the
MTB septic shock cohort. Despite the fact that only
1% of all patients with culture-positive septic shock
had MTB septic shock, the large size of this database
allowed us to collect > 50 cases, by far the largest
published cohort of cases of MTB septic shock. The
size of this cohort allowed us to examine an array of
epidemiologic and treatment factors associated with
clinical outcome.

However, certain limitations are inherent in this
study (database) design. First, the major weakness is
that our study is retrospective and thus susceptible
to several forms of bias with respect to the reported
associations. In addition, there are limitations in the
collection of data from any database. For example,
although all patients included in our MTB shock data
set were culture confirmed, drug resistance was not
defined in the cohort. This limitation may have had a
direct impact on our estimates as to what would have
been ultimately considered appropriate or inappro-
priate drug therapy. We defined the appropriateness
of anti-MTB therapy as the initiation of at least two
active drugs (minimum of isoniazid and rifampin)
given the data that this regimen should be sufficient
for drug susceptible infections.?” Our best assumption
is that the isolates were drug susceptible; the most
recent estimates of multidrug resistance in Canada and
the United States, 0.9% and 1.3%, respectively, are
much lower than those in other parts of the world.>+
However, reports from Saudi Arabia assess the fre-
quency of multi-drug-resistant TB in the late 1990s as
being 0.7% to as high as 25% in certain parts of the

journal.publications.chestnet.org

country; the most recent estimate is 4.5%.21-2> Our
approach seems reasonable because all patients in our
dataset had been given a diagnosis of with active TB
at the time of hospitalization and, thus, susceptibility
data would not have been available to physicians at
the onset of septic shock.

Similarly, because of the retrospective nature of
this study, cortisol levels were not available for all
patients. There is an increased incidence of adrenal
insufficiency in patients with severe MTB infection.
Although only a single patient among the 16 was
assessed with a low random cortisol level, it is pos-
sible that there were more among the remainder.
This could have caused shock in some patients. We
can also not entirely rule out the possibility that some
cases of adjudicated MTB septic shock were caused
by bacterial shock where the bacterial pathogen was
suppressed because of the concurrent antibacterial ther-
apy used in many cases. Further, as a consequence
of the intrinsic limitation of a retrospective database
study, we are unable to comment on the cause of inap-
propriate initial therapy and delays in initiation of
anti-MTB therapy. All patients eventually had AFB
stain or MTB culture positivity in order to be included
in this analysis. However, many had delayed and ini-
tially inappropriate therapy; whether this was because
of absent or negative initial AFB smears is not known.
This is particularly important in the approximately
20% of patients (five disseminated disease and five pneu-
monia) who did not receive appropriate anti-MTB
therapy, of whom none survived. Another limitation,
given the modest number of total patients, is that
a cluster analysis between sites was not performed,
which may have identified differences in practice pat-
terns affecting both the timing and appropriateness
of anti-MTB therapy.

CONCLUSIONS

In summary, we conducted a multicenter observa-
tional study on the epidemiologic and treatment fac-
tors associated with outcome in MTB septic shock.
Our key observation demonstrates that much of the
increased mortality of MTB compared with bacte-
rial septic shock is attributable to the marked treat-
ment delays seen with anti-MTB therapy. This study
suggests that early recognition of active disease and
early appropriate therapy prior to or at the onset of
hypotension can potentially limit the high mortality
observed with MTB septic shock. Early treatment
can best be facilitated by a high index of suspicion
based on population, locale, and individual patient risk
factors and the presence of suspicious radiologic find-
ings supplemented by rapid AFB staining of sputum,
tissue, and/or body fluids.
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