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Purpose-

• describe Hantavirus Cardiopulmonary 
Syndrome (HCPS)

• our experience with treating HCPS 
patients with ECMO

• management  HCPS patients with 
ECMO

• Role of the laboratory in the 
management of HCPS patients



vector- Peromyscus maniculatis-deer 
mouse



Hantavirus

• Enveloped, 3 segmented RNA virus, 
Bunnyaviridae family

• Isolated 1978- now 20 viruses
• North America- Sin Nombre most 

common
• Central, South America- Andes virus 

(AND)- Argentine and Chile
• All cause HCPS

Hantavirus

Epidemiology
• Rodent reservoir- persistent, 

asymptomatic
Transmission
• Airborne from hantavirus –infected 

aerosols
• Person to person only for ANDV in 

Argentina, Chile



Hantavirus

Pathophysiology
• Affects endothelial cells- severe 

capillary leak syndrome
• Mononuclear cell infiltrates in lung 

specimens of HCPS patients
• Cells produce pro-inflammatory 

cytokines
• Severity of disease correlated with 

higher viral burden in the blood

Hantavirus Cardiopulmonary Syndrome

• usually effects healthy adults
• history of rodent or rodent dropping 

contact 
• fever, and flu-like symptoms
• fulminant cardiopulmonary failure
• high mortality (35%) 



HCPS 
Differential Diagnosis: 
• Sepsis/pneumonia
• Rickettssial infection
• Myocardial Infarction
• Myocarditis
• Intoxication

Hantavirus Pulmonary Syndrome Cases by 
Outcome

United States, as of March 26, 2007

*Thirty-two additional cases (nineteen deceased) with onset before 1993 not shown.

1993   1994   1995    1996    1997    1998    1999  2000     2001    2002   2003     2004    2005     2006    
2007

N=465*



Hantavirus Pulmonary Syndrome Cases by 
Region
United States, as of March 26, 2007

* Eleven Four Corners and twenty-one Non-Four Corners cases with onset before 1993 not shown.

N=465*

1993    1994     1995    1996    1997    1998    1999    2000     2001     2002     2003   2004     2005    2006    
2007

Hantavirus Pulmonary Syndrome, United States
Descriptive Demographic Statistics, March 26, 
2007

Gender

Characteristics Total

Ethnicity

Case Fatality

Race

Mean=38 [10-83]

N

Male
Female

465 (100%)

292 (64%)
173  (37%)

White 355  (78%)
American Indian 87  (19%)

Black
Asian 3  ( 1%)

Hispanic 65  (14%)

Dead 165 (35%)

Age (years)

7  ( 2%)
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Hantavirus Pulmonary Syndrome Cases
by Reporting State United States – March 26, 2007

Total Cases (N=465 in 31 States)

0 Cases

>=10 Cases
5-9 Cases
1-4 Cases

Chile (273)5

Argentina (404)4

Brazil
(168)2

Uruguay (23) 1

Paraguay (74)1

Panama (31) 6

Bolivia (20)4

United States 
(335)7

Canada 
(36)3

Number of cases by date

1PAHO 01 2January 02  3May 02  4August 02  

5 September 02  6 October 02  7 November 02

Countries with 
reported cases 
of HPS
(no of cases)

Countries with 
no reported 
cases of HPS



Hantavirus Cardiopulmonary Syndrome

Clinical case definition:

A febrile illness characterized by:
• bilateral diffuse interstitial edema that may 

radiographically resemble ARDS 
• with respiratory compromise requiring supplemental 

oxygen, developing within 72 hours of hospitalization
• occurring in a previously healthy person.

Hantavirus Cardiopulmonary Syndrome

Laboratory criteria for diagnosis: 

• Detection of hantavirus-specific  IgM or rising titers of 
hantavirus-specific IgG (ELISA) 

or 
• Detection of hantavirus-specific RNA by PCR in 

clinical specimens  
or 

• Detection of hantavirus antigen by 
immunohistochemistry (autopsy)



Hantavirus Cardiopulmonary Syndrome

Clinical Presentation:

“early”: prodrome
universal:

• fever, fatigue, myalgias

50% of patients:
• headache
• abdominal pain, nausea, vomiting
• dizziness, chills

“late” : cardiopulmonary  cough, dyspnea

Hantavirus Cardiopulmonary Syndrome

Time course:

• time from exposure to symptoms- 1 to 5 weeks
• duration of “early” symptoms to “late”

symptoms- 4 to 10 days

The majority of patients present  with cough and mild
dyspnea, and initially require only supplemental 
oxygen.



HCPS
CBC: key lab test

1. elevated hematocrit (hemoconcentration)
males>50, females >48

2. thrombocytopenia (<150K)

3. left shift in the myeloid series

4. large immunoblastoid lymphocytes 

5. lack of significant toxic granules

HCPS- CBC

• “Rapid presumptive diagnosis of Hantavirus 
cardiopulmonary syndrome by peripheral blood 
smear review”

• Koster F, et al. Am J Clin Pathol 2001;116:665-72
• 2 pathologists reviewed blood smears from 52 HCPS 

patients, 128 seronegative patients referred for 
HCPS

• In prodromal phase only thrombocytopenia was 
present

• After onset of pulmonary edema: 
4 of these 5 findings- 96% sensitivity, 99% specificity for 

HCPS



HCPS

Cardiopulmonary phase

• Patients deteriorate rapidly over  hours.

• Clinical deterioration is associated with:

• diffuse pulmonary infiltrates 
• copious non-purulent pulmonary secretions
• hypoxemia
• noncardiogenic pulmonary edema



HCPS
HEMODYNAMIC PROFILE-

• hypovolemic shock to cardiogenic shock

• initially with low PCWP (< 8 mmHg), low CI 

• echocardiogram- severely depressed left 
ventricular function in those who died

• patients with a poor prognosis, progress to 
cardiogenic shock -low cardiac index, 
elevated SVR, PCWP.



HCPS 
rapid progression of pulmonary edema

7/16-@1620

HCPS 
rapid progression of pulmonary edema

7/16@2300



HCPS 
rapid progression of pulmonary edema

7/17 @09:05

HCPS 
rapid progression of pulmonary edema

7/17@12:00



Why ECMO for HCPS?

• early experience showed short duration of 
critical condition

• autopsy findings without tissue damage-
circulating inflammatory mediators likely 
cause cardiopulmonary dysfunction

• occurs in previously healthy patients

HCPS and ECMO

Inclusion Criteria:

• clinical presentation, CBC, consistent with 
HCPS 

• cardiac index < 2.5 l/min/m2

• respiratory failure- PaO2/FiO2 < 60

• fulminant deterioration despite support
particularly with high lactate, ventricular arrhythmias 



HCPS and ECMO

Exclusion Criteria:

• Irreversible neurologic damage

• Mechanical ventilation of > 7 days

• MODS

• Age > 70 years

HCPS and ECMO- UNM experience

• Since 1994- 47 HCPS patients treated with ECMO

• 9 patients since 1998 with HCPS were admitted, did not 
need intubation and ECMO and survived

• 34 patients survived to ECMO discontinuation (72%)

• 30  patients survived to discharge (64%)

• 44 of 47 patients treated with ECMO were since 1998



HCPS and ECMO- UNM experience

• 21 HCPS/ECMO patients since 12/03

• 25 of last 34 patients treated with ECMO 
survived to discharge-74% 

HCPS and ECMO- UNM experience

Survivors-

after ECMO discontinuation

• Time to extubation- mean 7.5 days (range 4-12d)

• Time to discharge- mean 15.6 days (range 6-23d)

• All survived with intact CNS function, normal 
hemodynamics, hepatic, and renal function.



HCPS and ECMO
Deaths- 15

• 6 patients -prolonged cardiac arrest prior to 
ECMO initiation- brain death

• 5 -complications from cannulation

• 6 -MODS 
– 1 died from Pseudomonas sepsis after 11 days of ECMO

– 1 patient died from cardiopulmonary failure- unable to 
support despite high ECMO flow- 8 lpm

– 1 died from a cardiac arrest due to an occluded ETT after 
weaning off ECMO

– 1 from prolonged shock prior to ECMO, MODS herniation
– 1 complex cannualtion, adem, mods

Age distribution of patients with hantavirus 
infection supported with ECMO at UNM
Dietl, DA, Wernly J,  Crowley MR- Journal of Thoracic 
Cardiovascular Surgery, 2008 



Dietl, DA, Wernly J,  Crowley MR- Journal of Thoracic Cardiovascular Surgery, 
2008 

Dietl, DA, Wernly J,  Crowley MR- Journal of Thoracic Cardiovascular Surgery, 2008 



HCPS ECMO 
resultsECMO and HCPS

HCPS ECMO
results



HCPS-ECMO 

Complications:
• cannulation complications occurred in 22 of 

47 patients
• significant cannulation site bleeding - 18, 7 

died
• 5 tubing ruptures
• 4 oxygenator failures
• 1 leg ischemia- amputation
• 1 retroperitoneal hemorrhage

HCPS-ECMO management

Cannulation:
• femoral-venoarterial

venous- 27- 29 french
arterial- 16-18 french

• distal perfusion cannula- always, posterior tibial 
catheter

• open vs. percutaneous- surgeons preference

• right IJ 27 to 29 french for additional drainage

• crystalloid prime -high hct





HCPS-ECMO management

Pump:
• 3/8 inch circuit, 4500 oxygenator
• flow- 4 to 6 lpm initially
• walk that raceway

Ventilator:
• will often continue to “spew”
• maintain high mean airway pressure, PEEP
• restrict suctioning
• usual initial settings: fiO2-1.0, rate 12, low Vt, 

PEEP 16-20, Paw-25
• pleural effusions common- may require chest 

tubes

HCPS-ECMO management

Cardiovascular:
• often require pressors initially- norepinephrine 
• inotropic medications weaned quickly as 

tolerated
• problems with venous return common- capillary 

leak
• hemodynamics usually improve first



HCPS ECMO management

Hematologic:
• thrombocytopenia complicates it
• difficult to get the platelet count > 50
• lower parameter if not bleeding
• run ACT 160-180 sec
• hemorrhage common- cannula site- can be 

devastating
• keep hct > 35
• DIC common

HCPS-ECMO management

Monitoring:
• to insure adequate cerebral oxygen 

delivery
• pulse oximeter on right hand
• arterial line for blood gases in the right 

radial/axillary artery
• continuous venous oxygen saturation via 

catheter in SVC
• follow pupillary exam- muscle relaxants, 

sedation
• lactate, organ function



Conclusions:

• Venoarterial ECMO can improve survival of critically 

ill patients with HCPS

• Rate of deterioration is variable- but often fulminant

• Patients often meet ECMO criteria within hours of 

admission

• Survival can be improved if put on ECMO prior to 
cardiac arrest 

• Cannulation complications have significant effect on 
outcome 

Conclusions

• Rapid identification of HCPS by clinical presentation 
and cbc is essential

• HCPS patients often deteriorate with intubation-
ECMO team should be ready to cannulate.

• Patients continue to have pulmonary edema after 
being placed on ECMO. 

• High mean airway pressures and moderate fluid 
restriction will help to minimize pulmonary edema.

• Discussion with referring physicians and transport 
team key for management and readiness of ECMO 
team.



HCPS
Role of the laboratory:

• Rapid production of peripheral smear and 
interpretation by hematopathology essential 
for diagnosis of HCPS- major factor in 
decision of management

• Serology important for confirmation of 
diagnosis- often decision re ECMO has  
already been made

• During ECMO close monitoring of acid/base, 
lactate, NT-BNP, platelet count, plasma free 
Hgb, essential

Thanks-
It takes a great team to take care of these patients- they 

need to work fast and effectively
Our team-
• Karen Milligan- ECMO coordinator
• Robert Dragan- head perfusionist, Will Cabanis, John 

Clement, Pat Kelly
• ECMO specialists- mostly PICU and NBICU nurses 
• MICU attendings- Drs. Iwamoto, Boivin, 

Harkins,Chang, Levy, Mapel 
• Cardiothoracic surgeons- Drs.Wernly, Dietl, Yassin, 

Pett, Kessler
• OR techs, Blood Bank, Pharmacy, MICU nurses
• PICU-ECMO attendings- Drs. Coleman, Joseph, 

Katz, Monge, Pleacher, Young


