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The presence of gasping predicts long-term survival in out-of-hospital cardiac
arrest patients

Jiri Knor*®, Jana Seblova®<, Roman Skulec*¢, Dominika Seblova?, Jiri Malek®

Background. The presence of gasping in out-of-hospital cardiac arrest (OHCA) patients predicts short-term prognosis.
We performed a retrospective study to evaluate whether the presence of gasping at the time of Emergency Medical
Service (EMS) arrival in the case OHCA patients of presumed cardian origin has any impact on six-month survival and/
or sustained return of spontaneous circulation (ROSC).

Methods. We collected and analyzed Utstein Style data for all patients resuscitated for OHCA of presumed cardiac
origin by the EMS of the Central Bohemian Region from July 1%, 2013 to June 30*, 2014.

Results. During the data collection period, 565 cases of OHCA of presumed cardiac origin were reported. Gasping at
the time of EMS arrival was identified in 23.9%. The presence of gasping was associated with a significantly increased
frequency of sustained ROSC (48.1 versus 20.7%, P<0.001) and six-month survival (40.7 versus 16.7%, P<0.001) than in
non-breathing patients. Presence of gasping upon EMS arrival has been found to be an independent positive predic-
tor of sustained ROSC (OR 2.51, C1 95% 1.59-3.98, P<0.001). The occurrence of gasping at the time of EMS arrival at the
scene was significantly related to response time from EMS activation to arrival.

Conclusion. The presence of gasping upon arrival of the EMS for the patient with OHCA of presumed cardiac origin
predicts both improves short-term and long-term prognoses.
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INTRODUCTION METHODS

Gasping is an abnormal breathing pattern related to We performed a retrospective clinical study that
severe cerebral hypoxia. It is commonly seen in cardiac  was approved by the local ethics committee (Ethics
arrest patients and is considered pathognomonic for this Committee of the 3™ Faculty of Medicine, Charles
cardiovascular catastrophe. It may persist for several sec-  University in Prague) and was conducted in accordance
onds to minutes and its presence has been found to be  with the current Helsinki Declaration. Pre-hospital data
an independent positive predictor of return of spontane-  were derived from the registry of the EMS of the Central
ous circulation (ROSC) (ref.'?). Gasping has also been = Bohemian Region. It is the exclusive provider of primary
highlighted in the recent guidelines as a phenomenon that  prehospital emergency care in the Central Bohemian
Emergency Medical Service (EMS) dispatchers should be  Region of the Czech Republic. The region includes both
made aware of*. Dispatchers should be trained to recog- rural and urban populations, in total 1 315 299 inhabit-
nize OHCA despite the presence of gasping>®. However,  ants, covering an area of 11 015 km2. A computer search
little is known regarding its ability to predict long-term  of resuscitated OHCA patients of presumed cardiac origin
survival. Therefore, we performed a retrospective study  between July 1%, 2013 and June 30™, 2014 was conducted.
to evaluate whether the presence of gasping at the time of A physician was present at all recorded OHCA events
EMS arrival in OHCA patients of presumed cardiac ori- in the field. Advanced life support was provided in ac-
gin has any impact on ROSC and long-term (six months)  cordance with current European Resuscitation Council
survival. We hypothesized that gasping is associated with  (ERC) Guidelines*. Data were recorded following Utstein
an increased occurrence of both outcomes. protocol including the presence of gasping at the time of

ambulance car arrival to the OHCA patient. Basic life
support (BLS) was considered to have been provided if
bystander cardiopulmonary resuscitation (CPR) and/or
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phone assisted CPR were performed. The response time
was calculated as the period between EMS team activa-
tion and EMS team arrival to the patient. All physicians
were educated on gasping, which is a mandatory item in
the reporting to the healthcare registry of the emergency
medical service. The study endpoints were the sustained
return of spontaneous circulation (ROSC) and six-month
survival. The latter was recorded from the database of the
administrative insurance registries, in accordance with the
local laws, and it was obtained only in an aggregated form.
Sustained ROSC was defined as return of circulation for
at least 20 min.

Statistical Analysis

The data were described as means + standard devia-
tions (SDs) or percentages as necessary. Differences be-
tween groups were compared using the x2 test, Fischer
exact test for alternative variables and paired t-tests.

Univariate analysis and multivariate logistic regres-
sion were performed to assess the association between
the presence of gasping and spontaneous circulation upon
hospital arrival. Six-month survival data enabled only
univariate x2 test assessment. The occurrence of gasping
in relation to response time was evaluated in quartiles.
Microsoft Excel 2007 (Microsoft, Redmond, WA, USA)
and JMP 3.2 statistical software (SAS Institute, Cary, NC,
USA) was used. A P value of < 0.05 was considered sta-
tistically significant.

RESULTS

Of the 877 OHCA cases (incidence 66.7/100 000
inhabitants/year), 565 were of presumed cardiac origin
(incidence 43.0 cases/100 000 inhabitants/year).

Gasping at the time of EMS arrival was identified
in 23.9% of all OHCA cases. Table 1 provides baseline
clinical characteristics of the cardiac arrest patients with

Males —— P=0.009
Age >70 years ——t P=0.111
Place of OHCA at home —— P=0.788
Witnessed OHCA 1+ P=0.274
BLS provided +—— P=0.094
Shockable first recorded rhythm —l— P<0.001
Response time >13 min —— P=0.007
Gasping at EMS arrival —— P<0.001
r 1
0,1 1 OR 10

Fig. 1. Multivariate logistic regression of independent predic-
tors of sustained ROSC.

ROSC...return of spontaneous circulation, OHCA...out-of-hos-
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Fig. 2. Occurrence of gasping at the EMS team arrival time
over response time.

Table 1. Baseline clinical characteristic of the patients.

Gasping present Gasping absent P

n (%) 135 (23.9) 430 (76.1) <0.001
Males (n (%)) 92 (68.1) 298 (69.3) 0.831
Age (years £SD) 66.2£13.4 67.9+13.1 0.191
Place of OHCA (n (%))

Home 81 (60.0) 308 (71.6) 0.015

Street 29 (21.5) 69 (16.0) 0.179

Public building 11 (8.1) 18 (4.2) 0.117

Work/office 2 (1.5) 10 (2.3) 0.825

Long-term care 12 (8.9) 25 (5.8) 0.284
Witnessed collapse (n (%)) 119 (88.1) 315 (73.3) <0.001
BLS provided (n (%)) 87 (64.4) 311 (72.3) 0.084
First recorded rhythm VE/VT (n(%)) 62 (45.9) 93 (21.6) <0.001
Response time (min+SD) 11.8+7.3 15.9+10.5 <0.001
Sustained ROSC (n (%)) 65 (48.1) 89 (20.7) <0.001
Six month survival (n (%)) 55 (40.7) 72 (16.7) <0.001

OHCA...out-of-hospital cardiac arrest, BLS...basic life support, VF...ventricular fibrillation, VT...ventricular tachycardia, ROSC...return of spon-

taneous circulation
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presumed cardiac origin. The majority of those presenting
with gasping when the EMS team arrived had experienced
cardiac arrest at home, their arrest was significantly more
likely to be witnessed, accompanied by shockable rhythm
and associated with shorter response time. Moreover,
gasping during the initial assessment was associated with
a significantly increased frequency of sustained ROSC
(48.1 versus 20.7%, P<0.001) and six-month survival
(40.7 versus 16.7%, P<0.001) than in patients without
any breathing activity.

Fig. 1 demonstrates the results of the multivariate
logistic regression analysis of the ROSC predictors.
Presence of gasping upon EMS arrival was found to be an
independent positive predictor of sustained ROSC (OR
2.51, CI1 95% 1.59-3.98, P<0.001). While shockable first
recorded rhythm predicted sustained ROSC as well (OR
3.61, CI 95% 2.32-5.66, P<0.001), and a response time
longer than 13 min predicted CPR failure (OR 0.56, CI
95% 0.36-0.85, P=0.007).

The occurrence of gasping at the time of EMS arrival
at the scene was significantly related to response time
(Fig. 2).

DISCUSSION

The main finding of our study was that the presence
of gasping at the time of EMS arrival at the scene was as-
sociated with increased chances of ROSC and improved
long-term survival.

Out-of-hospital cardiac arrest has become a general
epidemiological issue in European countries. Recently,
the incidence of OHCA was reported as 84.0 per 100
000 inhabitants / year in the EuReCa ONE study’. This
most serious cardiovascular catastrophe often unexpect-
edly, affects people of working age. Therefore, ongoing
and significant efforts must be expended to improve the
results of cardiopulmonary resuscitation and to return as
many of OHCA victims to a normal life of high health-
related quality.

Gasping has been defined as an abrupt, sudden and
transient inspiratory effort. In combination with uncon-
sciousness it is considered a pathognomonic sign of
cardiac arrest®’. It is a common mammalian pattern of
breathing based on the simple brain stem reflex expressed
in the setting of cerebral hypoxia'®. The beneficial effect
of gasping on circulation and gas exchange during cardiac
arrest has been described!. It has been formerly hypoth-
esized that gasping is a protective mechanism for anoxia
during delivery of immature animals'’.

The reported incidence of gasping fluctuates between
33 and 60% in all OHCA patients"'>!, In our study, gasp-
ing was identified only in 23.9% of all OHCA cases. This
is a lower incidence than reported in other epidemiologi-
cal studies. However we focused only on OHCAs of car-
diac etiology with a high incidence of witnessed cases,
which can impact reaction time. Bobrow et al. reported
a 39% incidence of gasping in an unselected group of
OHCA patients when the reported time of collapse to
EMS arrival was below 10 min. However, in our study the

34

response time (a time from dispatch to the arrival to the
scene) was more than 10 min. The dependence of gasping
on response time has been clearly demonstrated in our
study (Fig. 2) and also in Bobrow's study’.

It has been described that gasping occurs more com-
monly in OHCAs with shockable initial rhythm than in
the patients with non-shockable rhythm"!”. We also ob-
served in our study that more than half of the patients
presenting gasping exhibited shockable initial rhythm.

It has been reported that the presence of gasping at
the time of CPR initiation is associated with increased
chances of ROSC and survival to hospital discharge'?.
Zhao et al. conducted a meta-analysis evaluating the
impact of gasping on short-term outcome. They found
that patients who were gasping were 3.5 times (95% CI
3.0-4.1; P<0.01) more likely to survive to discharge than
those without gasping and that the presence of gasping
predicts ROSC (OR 2.2; 95%CI 1.7-2.8; P=0.02) (ref.'®).
In our study, we verified this latter finding and confirmed
the findings of the independent positive prediction of
ROSC when gasping is present. However, according to
our knowledge, no data have been previously published
about the impact of gasping on long-term prognosis. Our
observation that gasping may have a long-term positive
prognostic value for cardiac arrest, stresses the impor-
tance of this phenomenon and emphasizes the need for
the immediate and correct recognition of gasping by EMS
dispatchers and by the EMS teams. We also believe that
these patients should be considered for prolonged resusci-
tation efforts at least until gasping is present. They should
also be considered as candidates of transport to extracor-
poreal cardiopulmonary resuscitation.

Although gasping is a strong prognostic marker, the
question remains whether it causally impacts gas ex-
change during cardiac arrest and intra-arrest circulation or
whether it is only an epiphenomenon that simply reflects
a higher resistance to hypoxia. It is likely that both alterna-
tives are involved. It has been observed that intrathoracic
pressure fluctuations during inspiratory and expiratory
periods of gasps induce regular changes of intraaortic
and right atrial pressure which generate some degree of
cardiac output and cerebral perfusion in untreated experi-
mental cardiac arrest'*1°2,

The strong impact of gasping on long-term prognoses
confirms the need for further research. Questions that
should be addressed are: what is the occurrence of gasping
immediately after the onset of OHCA and why in some
patients (after excluding patients with brain traumatic in-
jury or stroke) gasping is not present? Is gasping a single
pathophysiological uniform response or are there more
independent differing patterns of gasping, for example,
the frequency of gasps? Is there a different hemodynamic
effect of gasping in patients with ventricular fibrillation
and in patients with nonshockable rhythm? Particularly
in the case of patients presenting pulseless electrical ac-
tivity and preserved minimal spontaneous coordinated
left ventricular contractions (known as pseudoPEA) gasp-
ing may augment spontaneous left ventricular activity?'.
Should OHCA patients presenting gasping be provided
with standard life support with compression-ventilation
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ratio 30:2 or resuscitation by the continual compression
only technique? Otherwise, when advanced life support
is provided should the patient be intubated and mechani-
cally ventilated or should spontaneous ventilation by gasp-
ing, without secured airways be a preferred option?

Study limitations

There are several limitations in the present study. First,
it is a retrospective survey primarily based on the EMS
registry data. However, the data is routinely collected uni-
formly following Utstein Style. Second, long-term survival
data were obtained only in an aggregated form, respect-
ing the local law. Thus, only univariate analyses could be
performed. Third, in a significant number of patients it
was not possible to reliably determine the time from col-
lapse to EMS arrival. Therefore, we used in the analysis
the time from EMS team activation to EMS team arrival
to the patient.

CONCLUSION

In conclusion, the presence of gasping at the time of
EMS team arrival to the patient with OHCA of presumed
cardiac origin is a very strong prognostic marker, not only
of achievement of sustained ROSC but also of long-term
survival. It puts an imperative emphasis on the recogni-
tion of gasping both by EMS dispatchers and EMS am-
bulance teams. Also, further research leading to a better
understanding of the pathophysiology of gasping and its
optimal utilization during cardiopulmonary resuscitation
is needed.

Acknowledgement: We express cordial thanks to all dis-
patchers and EMS professionals in the field for careful
data collection.

Author contributions: JK: principal investigator, study de-
sign, data processing, preparation of the manuscript; JS:
study design, data processing, preparation of the manu-
script; RS, DS: study design, statistical analysis, prepara-
tion of the manuscript; JM: study design, data processing,
preparation of the manuscript, senior researcher.
Conflict of interest statement: The authors state that there
are no conflicts of interest regarding the publication of
this article.

REFERENCES

1. Bobrow BJ, Zuercher M, Ewy GA, Clark L, Chikani V, Donahue D,
Sanders AB, Hilwig RW, Berg RA, Kern KB. Gasping during cardiac
arrest in humans is frequent and associated with improved survival.
Circulation 2008;118(24):2550-4.

2. Zuercher M, Ewy GA. Gasping during cardiac arrest. Curr Opin Crit
Care 2009;15(3):185-8.

3. Eisenberg MS. Incidence and significance of gasping or agonal respi-
rations in cardiac arrest patients. Curr Opin Crit Care 2006;12(3):204-
6.

. Soar J, Nolan JP, Bottiger BW, Perkins GD, Lott C, Carli P, Pellis T,
Sandroni C, Skrifvars MB, Smith GB, Sunde K, Deakin CD; Adult ad-

35

20.

21.

vanced life support section Collaborators. European Resuscitation
Council Guidelines for Resuscitation 2015: Section 3. Adult advanced
life support. Resuscitation 2015;95:100-47.

. Monsieurs KG, Nolan JP, Bossaert LL, Greif R, Maconochie IK,

Nikolau NI, Perkins GD, Soar J, Truhlar A, Wylie J, Zideman DA.
European Resuscitation Council Guidelines for Resuscitation 2015.
Resuscitation 2015; 95(10):1-80.

. Franek O, Sukupova P. Laypersons are not able to recognize cardiac

arrest when the “gasping”is present. Resuscitation 2010; 81(2):S8.

. Grasner JT, Lefering R, Koster RW, Masterson S, Bottiger BW, Herlitz

J, Wnent J, Tjelmeland IB, Ortiz FR, Maurer H, Baubin M, Mols P,
Hadzibegovi¢ |, loannides M, Skulec R, Wissenberg M, Salo A,
Hubert H, Nikolaou NI, Léczi G, Svavarsdoéttir H, Semeraro F, Wright
PJ, Clarens C, Pijls R, Cebula G, Correia VG, Cimpoesu D, Raffay V,
Trenkler S, Markota A, Stromsoe A, Burkart R, Perkins GD, Bossaert
LL; EuReCa ONE Collaborators. EuReCa ONE-27 Nations, ONE Europe,
ONE Registry: A prospective one month analysis of out-of-hospital
cardiac arrest outcomes in 27 countries in Europe. Resuscitation
2016;105:188-95.

. Glossary on respiration and gas exchange. J Appl Physiology

1973;34(4):549-58.

. Perkins GD, Handley AJ, Koster RW, Castrén M, Smyth MA,

Olasveengen T, Monsieurs KG, Raffay V, Grasner JT, Wenzel V,
Ristagno G, Soar J; Adult basic life support and automated external
defibrillation section Collaborators. European Resuscitation Council
Guidelines for Resuscitation 2015: Section 2. Adult basic life support
and automated external defibrillation. Resuscitation 2015;95:81-99.

. Manole MD, Hickey RW, Momoi N, Tobita K, Tinney JP, Suciu GP,

Johnnides MJ, Clark RS, Keller BB. Preterminal gasping during hy-
poxic cardiac arrest increases cardiac function in immature rats.
Pediatr Res 2006;60(2):174-9.

. Noc M, Weil M, Sun S, Tang W, Bisera J. Spontaneous Gasping dur-

ing Cardiopulmonary Resuscitation without Mechanical Ventilation.
American Journal of Respiratory and Critical Care Medicine
1994;150:4.

. Xie J, Weil M, Sun S, Yo T, Tang W. Spontaneous gasping gener-

ates cardiac output during cardiac arrest. Critical Care Medicine
2004;32(1):3.

. Noc M, Weil MH, Tang W, Turner T, Fukui M. Mechanical ventilation

may not be essential for initial cardiopulmonary resuscitation. Chest
1995;108(3):821-7.

. Srinivasan V, Nadkarni V, Yannopoulos D, Marino B, Sigurdsson G,

McKnite SH, Zook M, Benditt DG, Lurie KG.Spontaneous gasping
decreases intracranial pressure and improves cerebral perfusionin a
pig model of ventricular fibrillation. Resuscitation 2006;69(2):329-34.

. Clark J, Larsen M, Culley L, Graves J, Eisenberg M. Incidence of

Agonal Respirations in Sudden Cardiac Arrest. Annals of Emergency
Medicine 1992;21(12):4.

. Fukushima H, Imanishi M, lwami T, Seki T, Kawai Y, Norimoto K, et

al. Abnormal breathing of sudden cardiac arrest victims described
by laypersons and its association with emergency medical service
dispatcher-assisted cardiopulmonary resuscitation instruction.
Emerg Med J 2015;32(4):314-7.

. Eisenberg MS. Incidence and significance of gasping or agonal respi-

rations in cardiac arrest patients. Curr Opin Crit Care 2006;12(3):204-
6

. Zhao L, Li C, Liu B, Wang M, Shao R, Fang Y. The association of gasp-

ing and outcome, in out of hospital cardiac arrest: A systematic re-
view and meta-analysis. Resuscitation 2015;97:7-12.

. Xie J, Weil M, Sun S, Yo T, Tang W. Spontaneous gasping gener-

ates cardiac output during cardiac arrest. Critical Care Medicine
2004;32(1):3.

Ristagno G, Tang W, Sun S, Weil M. Spontaneous gasping produces
carotid blood flow during untreated cardiac arrest. Resuscitation
2007;2007(75):6.

Breitkreutz R, Price S, Steiger HV, Seeger FH, llper H, Ackermann H,
Rudolph M, Uddin S, Weigand MA, Mdiller E, Walcher F; Emergency
Ultrasound Working Group of the Johann Wolfgang Goethe-
University Hospital, Frankfurt am Main. Focused echocardiographic
evaluation in life support and peri-resuscitation of emergency pa-
tients: a prospective trial. Resuscitation 2010;81(11):1527-33.



