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Abstract Necrotizing fasciitis is a soft-tissue infection with
a high risk of fatality. Infection with Vibrio vulnificus can
lead to development of necrotizing fasciitis and primary
septicemia, and occurs mostly in immunocompromised
host-associated diseases such as hepatic disease, diabetes
mellitus, chronic renal insufficiency, and adrenal insuffi-
ciency. Early recognition and treatment of the infection,
which are unclear, are vital to patient welfare. We studied
the disease epidemiology and reviewed the prognosis and
clinical features of patients treated using our developed
protocol. Clinical manifestations and outcomes were retro-
spectively analyzed for 67 patients with V. vulnificus-
mediated necrotizing fasciitis and sepsis. All patients who
had contacted seawater or raw seafood with positive culture
for vibrio were included. Patients were divided into two
groups based on the timing of first fasciotomy and injury;
within 24 h (group A) and beyond 24 h (group B). Twenty-

three of the 67 patients (40%) had hepatic disease, 17
(25.4%) had chronic renal insufficiency, and 12 (17.9%)
exhibited adrenal insufficiency. The most common site of
infection was the upper extremity (74.7%). Group B
presented with more clinical symptoms including fever (p=
0.02), hemorrhagic bullae (p<0.0001), and shock (p=
0.007). Group A patients exhibited enhanced survival
compared to group B (in hospital mortality: 4.9% vs.
23%; p=0.005). We conclude that early and appropriate
diagnosis for V. vulnificus infection should be made,
especially in patients presenting with atypical clinical
findings. Early fasciotomy within 24 h remains the highest
priority and decreases the mortality rate.
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Introduction

Infection caused by the Vibrio vulnificus, initially described
in 1979 [1], remains one of the most invasive and rapidly
fatal human infections yet documented. V. vulnificus is a
naturally occurring, Gram-negative, halophilic bacterium
that is a free-living inhabitant of estuarine and marine
environments throughout the world. Infections caused by
V. vulnificus exhibit a seasonable pattern, with a peak in
summer [2, 3].

Vibrio species have been found in warm coastal waters
ranging in temperature from 9–21°C in geographically
diverse regions that include the Gulf of Mexico, South
America, Asia (Thailand, Taiwan, Hong Kong), and
Australia. The bacterium is frequently found in oysters,
crustaceans, and shellfish. Infection of wounds by the
microbe occurs by direct invasion or contact with contam-
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inated seawater [3, 4]. The estimated prevalence of
V. vulnificus infection for residents of Taiwan ranges from
0.354–1.237 per million people, with the reported number
of cases increasing in recent years [5].

Patients are often middle-aged to elderly, and are
compromised with other co-morbidities, particularly chron-
ic liver disease, diabetes mellitus, adrenal insufficiency,
diseases that compromise the immune system, hemochro-
matosis, thalassemia, or chronic renal insufficiency [6, 7,
8]. The infection presents hours after introduction of the
organism and is manifest as swelling, pain, tenderness, and
blistering at the site of infection. Predominant skin lesions
include hemorrhagic bulla, purpura, petechia, or cellulitis
that can progress to necrotic ulcers. Rapidly spreading
gangrenous tissue death (necrotizing fasciitis) necessitates
prompt treatment, which can include limb amputation, to
halt the infection and minimize morbidity and mortality.
Muscle and skin necrosis, further deterioration in the
patient’s general condition, multiorgan dysfunction, and
disseminated intravascular coagulation will tend to develop.
V. vulnificans septicemia is a prominent aspect of the
infection, which can prelude multi-organ failure within
24 h. Finally, a hallmark of V. vulnificans growth is the
production of virulent and cytotoxic factors, which can
quickly lead to fatal sepsis. Delay in recognition and
treatment may result in a poor outcome [9].

The relatively high susceptibility of people in Taiwan to
V. vulnificus infections has stimulated interest in the
development of an optimal therapeutic regimen or algo-
rithm. The purpose of this retrospective study was to
evaluate the risk factors for mortality in a large group of
Taiwanese patients with V. vulnificus-mediated necrotizing
fasciitis in a single institute, and to examine the current
incidence and mortality of this disease in this institute.

Patients and methods

We retrospectively reviewed the medical records of all
patients treated for V. vulnificus-mediated necrotizing
fasciitis with sepsis at National Cheng Kung University
Hospital, Tainan, Taiwan between February 1997 and
October 2005. Necrotizing fasciitis was defined by the
presence of necrosis of subcutaneous tissue and fascia, with
variable involvement of the skin and muscle. The presence
of necrosis was confirmed by permanent histopathologic
tissue examination in all patients.

In a study approved by the institutional review board of
National Cheng Kung University Hospital, we developed a
treatment protocol summarized in Fig. 1. Patients with a
high suspicion for necrotizing fasciitis arriving at our
emergency room underwent a thorough physical examina-
tion by checking the presence of open wound and lesion

morphology. Additionally, clinical signs including edema,
patchiness, erythema, and tenderness of skin lesions; and
the presence of hemorrhagic bullae or compartment
syndrome were evaluated. The medical history obtained
included information on other underlying diseases such as
chronic liver disease, diabetes mellitus, adrenal insufficien-
cy, immunocompromised diseases, hemochromatosis, thal-
assemia, and chronic renal insufficiency. All patients were
queried regarding their contact with seawater and raw
seafood including details about any fish or oyster harvest-
ing they engaged in. Finally, wounds exudates and blister
fluid obtained by fine needle aspiration were used to
prepare smears and for culture of Gram-negative bacteria.
The microscopic detection of comma-shaped, Gram-
negative rods in smears was considered positive. Patients
with these presentations were suspected of having V.
vulnificus-mediated necrotizing fasciitis, and were included
and treated, based on our treatment protocol.

When a vibrio infection was suspected upon examina-
tion in the emergency room, an antibiotic regimen was
initiated for all patients. The treatment involved two
combinations of antibiotics; ceftriaxone (2 g every 6 h
intravenously) and doxycycline (100 mg every 12 h orallly,
with a 200 mg loading dose) or ceftazidime (2 g every 6 h
intravenously) and doxycycline (100 mg every 12 h orally,
with a 200 mg loading dose). For the cases of chronic renal
insufficiency, the antibiotic dosages were adjusted accord-
ing to the creatinine clearance rate.

Next, the plastic surgeon was consulted and an emer-
gency fasciotomy was performed. Microbiological cultures
of the tissue samples obtained at the first operative
debridement were used to confirm the diagnosis. Following
the fasciotomy, all patients were admitted to the intensive
care unit for supportive care, which routinely includes
intravenous administration of antibiotics, maintenance of

Fig. 1 Treatment protocol for necrotizing fasciitis caused byV. vulnificus
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adequate electrolyte balance and nutritional support fluid,
and combined enteral-parenteral nutrition. Intravenous
nutritional support was subsequently reduced as enteral
intake increased.

Wound surfaces were kept moist by 8-h application of
the wet-to-wet technique. Aggressive debridement was
planned over the next 2–4 days depending on the wound
status. As patients’ general condition got stabilized, they
were transferred to a regular ward and further wound
reconstruction with a skin graft or flap was arranged by the
attending plastic surgeon (Fig. 2).

Medical records were reviewed for age, gender, type of
co-morbidities, anatomical site of infection, physical find-
ings and laboratory values at the time of admission, interval
between injury and admission, initial antimicrobial treat-
ment, number of operative debridements, number of
amputations, duration of hospitalization, and in-hospital
mortality rate. Information concerning the interval between
seawater contact and admission, interval between diagnosis
of necrotizing fasciitis and operative intervention, blood
pressure on arrival in the emergency room, length of
hospitalization, and survival were also retrieved for each
patient.

Statistical analyses were performed with use of SPSS
Version 12.0 statistical software (SPSS, Chicago, Illinois).
Student t and chi-square tests were used to assess
significant relationships among the various factors. A p
value of <0.05 was considered to be significant.

Results

The patients were collected from an overall group of 89
individuals diagnosed with necrotizing fasciitis treated at
National Cheng Kung University Hospital during the
designated time period. Twenty-two patients were excluded
from the study; 12 patients refused surgical intervention or
were lost to follow up, six patients had no evidence of
trauma history, and four patients were diagnosed with
cellulitis in the absence of typical tissue involvement. The

remaining 67 patients with necrotizing fasciitis were treated
using the above-detailed protocol. The study group includ-
ed 52 men and 15 women (male-female ratio 77.6:22.4).
The average age was 54 years (range 42–76 years); all
patients had a history of handling seafood and prolonged
occupational exposure to warm seawater (mean contact
time of 17 h, with a range of 5–83 h) during oyster
harvesting or fishing.

Patient characteristics and clinical information

The most common site of involvement were the upper
extremities, with right upper extremity involvement in 33
patients (49.3%), and left upper extremity involvement in 17
patients (25.4%) (Table 1). Lesions involving the lower limbs

Fig. 2 Treatment modality for necrotizing fasciitis caused byV. vulnificus

Table 1 Clinical data on patients with necrotizing fasciitis caused by
V. vulnificus

Patient characteristics No. of patients (%
of total)

Sex (n=67)
Male/female 52 (77.6)/15

(22.4)
Underlying disease (n=67)
Hepatic disease (chronic hepatitis B or C, liver
cirrhosis, or hepatoma)

23 (40)

Diabetes mellitus 5 (7.5)
Chronic renal insufficiency 17 (25.4)
Adrenal insufficiency 12 (17.9)
None 10 (14.9)
Location of infection
Right upper extremity 33 (49.3)
Left upper extremity 17 (25.4)
Right lower extremity 8 (11.9)
Left lower extremity 9 (13.4)
Clinical manifestation
Necrotizing fasciitis
With septic shock 8 (11.9)
Without septic shock 59 (88.1)
With secondary bacteremia 38 (56.7)

Initial antibiotic treatment
Third-generation cephalosporin plus
doxycycline

54 (80.6)

First-generation cephalosporin 7 (10.4)
Other combinations 6 (9)
Surgical treatment
No. of debridements
1 3 (4.5)
2 7 (10.4)
3 18 (26.9)
>4 39 (58.2)
Amputation 3 (4.5)
Outcome
Survival 59 (88.1)
Death 8 (11.9)
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were less prevalent, with left lower limb involvement in
eight patients (11.9%) and right lower limb involvement in
nine patients (13.4%). Underlying medical conditions
included hepatic disease (chronic hepatitis B or C, liver
cirrhosis or hepatoma; n=23, 40%) chronic renal insuffi-
ciency (n=17, 25.4%), adrenal insufficiency (n=12, 17.9%),
and diabetes mellitus (n=5, 7.5%). Eight patients (11.9%)
had septic shock upon emergency room arrival and 38
patients (56.7%) showed presence of bacteremia based on a
positive blood culture for vibrios.

Antimicrobial treatment

All patients received combination therapy with third-
generation cephalosporins (ceftriaxone or ceftazidime) and
doxycycline. A proportion of patients received other
antibiotic treatment regimens at arrival such as combination
therapy with a first-generation cephalosporin (10.4%), or an
aminoglycoside, ciprofloxacin, amikacin, penicillin, or
amoxicillin/clavulanate (9%), and were shifted to the
combination therapy with third-generation cephalosporins
and doxycycline following confirmation of V. vulnificus
infection.

Group comparison based on timing of the first fasciotomy

The patients were divided into two groups based on the
timing of the first fasciotomy. Group A (n=41) consisted of
patients treated within 24 h after the injury. Group B (n=
26) consisted of patients treated beyond 24 h after the
injury. The demographic characteristics of pre-existing
medical conditions and clinical findings upon admission
are summarized in Table 2. Seven (17%) group A and 16
group B (61.5%) patients had hepatic disease. The
difference was significant (p<0.0001). Diabetes mellitus
was evident in three group A (7%) and two group B (7.7%)
patients. Twelve (29%) patients in group A had chronic
renal insufficiency compared to five (19%) patients in
group B. Finally, five (12%) group A and seven (27%)
group B patients had adrenal insufficiency. The difference
was significant (p=0.002).

The main presenting symptoms included fever, hemor-
rhagic bullae, compartment syndrome, and shock (Table 3).
All patients had chills and general malaise at the time of
presentation to the emergency room. Seven patients (17%)
in group A and eight (31%) patients in group B presented
with a body temperature exceeding 38.5°C (101.3°F); the
difference was significant (p=0.02). A single group A
patient (2.4%) was hypotensive, displaying a systolic blood
pressure of 90 mm Hg, compared to the seven group B
patients. The difference was significant (p=0.007).

Initial laboratory studies (Table 4) revealed median white
blood cell counts of 8,300/mm2 (range 2,100–14,300) in
group A and 9,130/mm2 (range 1,000–27,000) in group B.
The median platelet count was 125,000/mm2 (range
76,400–245,000) in group A and 113,800/mm2 (range
76,400–245,000) in group B. The median serum C-reactive
protein was higher in group A (3.2 mg/L; range 0.1–5)
although the difference did not reach statistical significance.
The median value of renal parameter creatinine in group A
was 1.42 mg/dl (range 0.5–7) and 0.97 mg/dl (range 0.1–
8.4) in group B.

All 67 patients initially underwent an emergency
fasciotomy. The numbers of debridements and amputations
performed are summarized in Table 5. The average number
of debridements was 3.6 (group A) and 2.9 (group B),
with an overall average of 3.4. The fatal and nonfatal
subgroups were compared within each group. In group A,
the difference was minimal. In contrast, in group B the
number of surgical debridements was significantly higher.
Fasciotomy was followed by amputation because of pro-
gressive deterioration of sepsis in 1/41 patients (2.4%) in
group A and 2/26 patients in group B (7.7%). All three
patients had an above-the-knee amputation.

Eight patients died within three to eleven days after
admission and 59 patients survived, resulting in a mortality
rate of 12%. Bivariate analysis revealed that a delay of
more than 24 h from injury to surgery was significantly
associated with increased mortality (p=0.005).

The mean hospital stay for the group A and B patients
was 31 days (range 7–54) and 29 days (range 3–49),
respectively. Comparisons in group B demonstrated higher

Table 2 Demographic characteristics of pre-existing medical conditions

Underlying diseases Group A Group B P-value

Hepatic disease 7/41 (17%) 16/26 (61.5%) <0.0001
Diabetes mellitus 3/41 (7%) 2/26 (7.7%) NS
Chronic renal insufficiency 12/41 (29%) 5/26 (19%) NS
Adrenal insufficiency 5/41 (12%) 7/26 (27%) 0.002

Groups A and B comprised of patients who received their first fasciotomy within 24 h of beyond 24 h, respectively, after injury.
NS not statistically significant
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differences between the fatal (7 days) and nonfatal (56 days)
subgroups.

Discussion

Necrotizing fasciitis develops as the infectious organisms
proliferate within subcutaneous tissue along superficial and
deep fascial planes. Infections with etiologies characteristic
of V. vulnificus infection can be traced back to the fifth
century BC [10], when Hippocrates mentioned a resident
on an island in the Aegean Sea, who developed a “violent
pain in his foot” with shivering, nausea, and fever followed
by confusion. One day later, the whole foot became
erythematous and swollen with small black blisters, with
death ensuing. Interestingly, after the first reported case of a
V. vulnificus infection in Taiwan in 1985 [11], an increased
prevalence has been apparent [6, 12, 13]. One reason could
be the warm coastal waters; the water temperature, which
typically exceeds 20°C (60°F), is ideal for the growth of
V. vulnificus. The prolongation of warmer weather that is
apparently linked to global warming may be a contributing
factor [14, 15].

The immunocompromised condition of patients can be
crucial for the fulminant development of infections [3], and
is one among the many reasons for V. vulnificus infections.
Underlying chronic illnesses (such as cirrhosis, alcoholic
liver disease, gouty arthritis, chronic renal failure, and
diabetes mellitus) or the chronic use of steroids are
associated with primary vibrio wound infections [6, 16].
In addition to these diverse risk factors, the location of our
institution could be a significant factor contributing to the
higher incidence of admission. The reasons for this

geographical involvement are as follows: firstly, Taiwan is
an endemic area of liver diseases such as hepatitis B and
liver cirrhosis that affect liver function and decrease host
resistance to pathogens. Secondly, the city of Tainan, which
is located in the coastal southern area of the country, is an
area of concentrated aquaculture and ostreiculture facilities,
increasing the likelihood of contact with seawater or raw
seafood. Thirdly, traditional Chinese herb ingestion prevails
among the local population, which may imply the illegal
use of steroid-containing herbal medications and analge-
sics; these substances greatly influence immune compe-
tence [17, 18, 19].

Our data is consistent with previous reports [2, 3, 6]
chronicling a higher risk of V. vulnificus infection in
patients with liver disease and adrenal insufficiency.
Clinical symptoms develop tardily and show a later onset
compared to the normal population. This is due to altered
neutrophil and macrophage functions, immunosuppression,
and the presence of increased levels of cytokines, tumor
necrosis factor (TNF), and interleukins (IL) 1 and 6 [20].
Furthermore, V. vulnificus virulent factors that include
surface protein and toxins [21] may stimulate an overpro-
duction of TNF, IL-1, and IL-6, setting in action a
destructive process and playing a pivotal role in the
subsequent inflammatory reaction [22, 23]. It remains to
be determinated whether there is an interaction between the
increased levels of cytokines TNF, IL-1, and IL-6 of V.
vulnificus and either liver disease or adrenal insufficiency.
The potential role in the modulation of the host cytokine
response for this reaction and the possible systemic
activation should be further elucidated.

V. vulnificus produces extracellular enzymes such as
mucinase, lipase, chondroitinase, hyaluronidase, deoxyri-

Table 4 Laboratory values on admission to the emergency room

Median values Group A Group B P-value

White blood cell count (1,000/mm2 ) 8.300 (range, 2.100–14.300) 9.130(range, 1.000–27.000) NS
Platelet count (1,000/mm2) 125.000 (range, 76.400–245.000) 113.800 (range, 53.000–211.700) NS
Serum C-reactive protein (mg/L) 3.2 (range, 0.1–5) 3.6 (range, 0.3–6.4) NS
Creatinine (mg/dl) (mg/dl) 1.42 (range, 0.5–7) 0.97 (range, 0.1–8.4) NS

Groups A and B comprised of patients who received their first fasciotomy within 24 h or beyond 24 h, respectively, after the injury
NS not statistically significant

Table 3 Clinical findings on admission to the emergency room

Clinical Symptoms Group A Group B P-value

Fever 7/41 (17%) 8/26 (31%) 0.02
Hemorrhagic bullae 8/41 (20%) 16/26 (62%) <0.0001
Compartment syndrome 11/41 (26.8%) 6/26 (23%) NS
Shock 1/41 (2.4%) 7/26 (27%) 0.007

Group A and B were comprised of patients who received their first fasciotomy within 24 h or beyond 24 h, respectively, after injury.
N.S: not statistically significant.
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bonuclease, sulfatase, and hemolysis [21, 24]. These toxins
cause fever, destruction of perforating vessels of skin flaps,
and thrombosis of vessels. The toxic effects are clinically
manifest as a spreading subcutaneous tissue infection above
the deep fascia, resulting in gangrene of subcutaneous fat
and dermis [4]. As the infection extends along the fascial
planes, bullae formation, ischemia, and tissue necrosis may
occur. Therefore, patients with liver disease and adrenal
insufficiency, associated with immunocompromised situa-
tion, are at increased risk of vibrio skin infections and
septic shock, resulting in higher mortality.

The difficulty of making an early diagnosis is due to the
absence of a well-established management protocol [25,
26]. Symptoms typically begin anywhere from several
hours to four days later (median 12 h), consisting of
swelling, erythema, and often intense pain. These symp-
toms are commonly the warning signs of the onset of
necrotizing fasciitis. The presence of edema or bullae
formation with serous or serosanguinous fluid is another
important diagnostic clue. However, bullae formation,
fever, and hypotension are slated evidence of infection.
Septicemia with severe toxicity and mortality often devel-
ops when appropriate therapy is not given. Therefore,
treatment of infection must be initiated promptly before
definite identification of the organism is made [13], as a
delay in diagnosis of vibrio-mediated necrotizing fasciitis is
associated with increased mortality. Gram stains of wound
and blister fluids, or discharge from open lesions provides
information for possible infecting organisms and is a useful
method for immediate differential diagnosis. Vibrio infec-
tion is associated with the presence of many polymorpho-
nuclear leukocytes and Gram-negative bacilli [3]. Direct
comparison of the present patient population, who were
treated at different times during the study period, has
revealed a mortality rate of 31.2 and 11.9% prior to and
following, respectively, the implementation of our protocol.
Patients with surgical debridement and fasciotomy within
24 h had the lowest mortality rate (4.9%).

Necrotizing fasciitis is a surgical emergency. Early
recognition and prompt aggressive debridement of all
necrotic tissue is critical for survival and improves the rate
of survival [27, 28]. The cause of death in most cases is
multiple-organ failure, acute respiratory distress syndrome,
or overwhelming sepsis [9, 12]. With appropriate early
surgical intervention, mortality varies from 8.7–50% [24,
26], depending on a number of variables including mode of
infection, treatment modalities, and host factors. Without
surgical intervention, necrotizing fasciitis is usually fatal
because antibiotics alone are ineffective against the large
soft tissue bacterial inocula resulting from the invasive
nature of these infections. Surgical debridement is therefore
essential to reduce bacterial load. In this period, the
mortality of the nonsurgical patients was 50% (6/12), which
is consistent with previous results of our institute [26].

Surgical debridement of all necrotic tissue is of para-
mount importance as antibiotic delivery to the involved
area is ineffective due to the thrombosis of the supplying
blood vessels. Debridement must be aggressive, all necrotic
tissue with overlying skin should be excised deeply and
beyond the necrotic areas, all necrotic fascia and fat should
be removed until healthy viable tissue is evident. A second
examination should be done within 24 h to assess the
progression of the condition and the need for further
debridement. This process should be repeated as frequently
as necessary until the infection is controlled [5].

In addition to aggressive surgical debridement, efficient
and early, presurgical antimicrobial treatment is also
essential for management of V. vulnificus infection. Antibi-
otic use should be initiated as soon as the diagnosis is
considered possible. Numerous studies documented the role
of antimicrobial treatment. The combination of antimicro-
bial therapy with cefotaxime and minocycline demonstrates
a better outcome than monotherapy with cefotaxime or
minocycline [16, 29, 30]. The efficacy of the combinations
is better than first or second-generation cephalosporin [16,
30]. The combination therapy remains effective for V.

Table 5 Number of operative debridements and amputations, duration of hospitalization, and in-hospital mortality

Group A Group B P-value

Number of debridement 3.6 2.9 NS
Fatal subgroup 3.1 1.5
Nonfatal subgroup 4.3 5.7
Number of amputations 1/41 (2.4%) 2/26 (7.7%) NS
Duration of hospitalization 31 days 29 days NS
Fatal subgroup 25 days 7 days
Nonfatal subgroup 39 days 56 days
In-hospital mortality 2/41 (4.9%) 6/26 (23%) 0.005

Groups A and B were comprised of patients who received their first fasciotomy within 24 h or beyond 24 h, respectively, after the injury
NS not statistically significant
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vulnificus infection both in vitro and in vivo [16, 30, 31].
More recently, the newer fluoroquinolones have been
demonstrated to be as effective as the combination of
cefotaxime plus minocycline in vitro and in vivo [32].
However, their clinical use remains unclear.

Nutritional interventions also play a substantial role
in surgically critically ill patients [33, 34]. The hyper-
metabolic status in patients with sepsis and open surgical
wounds increases their metabolic needs and necessitates
aggressive enteral or parenteral nutrition. In the immediate
postoperative period, all patients require nutritional sup-
port via intravenous or enteral routes, either using partial
or total parenteral nutrition and oral or tube enteral
feeding, respectively, with meticulous monitoring of body
weight, intake, liver function, and electrolyte balance [34].
With an appropriate immunonutrition regimen, the out-
comes in the critically ill population with sepsis can be
improved.

Prevention is one of the most important determinants of
outcome of the disease process. We recommended follow-
ing treatment modality for necrotizing fasciitis caused by
vibrio V. vulnificus, summarized in Fig. 2. Early recognition
of the disease process using standardized protocol begins
with Gram stain and culture examination of the wound.
Initiation of broad-spectrum antibiotic coverage with third-
generation cephalosporin and doxycycline should also be
prompt. An emergency fasciotomy and comprehensive
debridement of all non-viable tissues follows and is
supported by aggressive resuscitation, intensive medical
care, and nutritional support. Debridement of the involved
site should be repeated every 24–48 h until the infection is
controlled. Once the infection is controlled and the patient’s
condition has been stabilized, reconstruction of the surgical
site with skin graft or flaps can be undertaken as is judged
appropriate.

Conclusion

Early and appropriate diagnosis for a V. vulnificus infection
should be made especially in a patient presenting with
atypical clinical findings. Performance of a fasciotomy
within 24 h remains the highest priority and decreases the
mortality rate. A global treatment using the standardized
protocol would ensure efficient and appropriate diagnosis
and therapy.
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