
CLINICAL SIGNI
DURING STATUS
THE CROSS-OVEP,

OCIR OF A
NST VI A :
POINT

EARLE B. WEISS, M .D . AND LEENDERT J . IFALING, MLD,



i

14 ,10(C( )

	

e

	

0

	

s
nt . Clin

	

e

	

v e
ss-ovei from the rly by

Paco w (and pH) as an i
In the, clinical context, t

i

	

a

0

as

	

i

	

s
sen

	

stress the signs

	

ce of the
'a of hyperventilation to n

	

1
itor of impending respiratory
se indices should alert the

e and to m di f y or

apy,
pital.

Th i,5

SIOLOGIC GUI

	

N
agement of advanced or status -

onchial asthmaticus have been limit-
ed by the extreme anxiety and poor co-
operation of such patients. Serial
measurements of lung mechanics, ven-

lung volumes or airflow rates
e useful in conjunction with care-

ful

	

ical observation .
Some degree of hypoxe a

any if not all asthmatics
an ute attack of status asthmatic
Sue hypoxemia results from uneq

iss is Assis Professor of
city c cool of Medici e°

so

	

Physician-in-Charge of
ovary Physi

	

Section, Lung Station
(Tufts) ; Physici -Charge of Pulmonary
Function and the . Central Arterial Blood Gas
Laboratory for the Boston City Hospital.

Doctor Faling is Instructor in Medicine,
University School of Medicine; Be-

h Associate, Assistant, Inhalation Ther-
ng Station (Tufts), Boston City Hos-

upported in p

	

a
. Public Healt

	

ice
Training Gra No.

SIGNIFICANCE OF 'PaCO
DURING STATUS ASTHMA:
THE CROSS-OVER POINT
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(IV/Q),
initiated by the acute airways ob-
ion. The early pulmonary re

ften hyperventilation' -with
varying degrees of hypocapnia and
respiratory alkalosis . 2 =s Less commonly,
hypoventilation with hypercapnia and
respiratory acidosis may occur because
of progressive disease or iatrogenic fac-
tors. This phase is critical and often
precedes the deathof the patient . Be-
tween these ventilatory- extremes,
serial changes in arterial P,,CO2/pH
may occur which may be of clinical
value.
The purpos o ort is to stre

the significance of relatively "normal"
blood PaCO2 and pH values as a guide -
line to progressive respiratory failure .
In the proper clinical context, the
"cross-over" of P,C0 2 and pH from
hyperventilation blood values to nor-
mal range P aCO2 and pH may be the
forerunner of severe hypoxemia, hyper-
capnia, and acidosis.

Patients an Methods

Four patients in st s s
e admitted to the Boston City
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pital . All were diagnosed as having
bronchial asthma based upon clinical
history, improvement in breathing me-
chanics following aerosol isoproterenol,
positive skin tests, blood and sputum
eosinophilia, and absence of conclu-
sive findings of chronic bronchitis or
emphysema. Full medical treatment
was immediately instituted and modi-
fied as indicated clinically . None had
complicating metabolic disorders .

Serial arterial bloods were drawn
anaerobically from a permanently in-
dtivelling arterial cannula and analyzed
immediately in the Instrumentation
Laboratory Blood Gas Analyzer (Mod-
el No. 102), for P:,CO .., P LO .., and pH
at 37" C. Tonometered blood was em-
ployed for P.O ., calibration and dry
gas for P;,CO ., calibration . All samples
were required to check within 5 mm .
for P;,O, (50-100 mm . range), 2 mm . for
P ,CO , and 0.005 units for pII. All
blood analyses were correlated with the.
clinical state of the patient .

Case Reports

Case 1. : 0 .5 ., a 39-year-old ncgro female .

546

DAYS

Figure 1 .

4

,, •a s admitted in status asthmaticus . (Figure
1} .

With medical therapy inclrndins7 adrenal
corticosteroids and penicillin she did well ;
an arterial blond revealed 1',CO, 38 mmHg .,
pII 7 .35, and P,0 2 58 mmHg. (no 0,} . On
the next dory. however, a severe asthrnatic
exact rl ation developed with marked anxiety
and agitation. A blood sample at this time
showed a P,CO, of 14 mmHg., pH of 7 .47,
and P,O- of 77 mmHg . (on 02) . The rea-
sons for this clinical change were not ob-
vious, nevertheless, she «as sedated with
Chlordiazepoxide (Librium ") and barbitur-
ates . It was reported that she spent a quiet
evening, thi, supported by a P,C02 of 40
mmHg., pII of 7 .41, and P,0, of 72 mmHg .
(on O_ ),Oil our visit early the next morn-
ing. she was lcthu- gicc, confused, and unable
to cough properly ; the P„ CO, was 56 mmHg .,
the p1l 7.33, and P,0, 92 mmllg . (nn 0,) .
It appeared the major problems were srda-
tion and stasis of secretions, and with vigor-
ous IPPB, suctioning, and encouragement to
cough, she improved dramatically by clinical
criteria; P:,CO_ was 41 mmllg ., and pII was
7 .43 at this time . The remainder of the lras-
pital course was -uneventful-

Comment: The administration of sed-
atives in this patient reduced effective
cough and resulted in stasis of secre-
tions with hypoventilaton . The ap-
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pa rently "normal" P CC), and p I I values
obtained at night under sedation were
misleading . In this instance, the PSCC),
of 40 mmHg • (and pH of 7.40) was most
likely the cross-over from hyperventila-
tioii to progressive respiratory- failure
in an unagitated, sedated patient.

Case 2 : J.R ., a 55-year-old white male
11", S admitted because of an infectious exa-
cerbation of lung standing asthma (Figure 2) .
Medical treatment was instituted including
adrenal cortico tcrnids and penlcillirl . J11e pa-

tient was a%vake bot mildly confined, and
having difficulty in raising secretions . initial
arterial blood studies revealed : P;,CO, 38
mmllg., pH 7.42, and l',0, of 80 mmHg .
(on nasal O, 5L./min,) .

Over the next 7 hours, he exhibited in-
creasing agitation and was unable to coop-
erate for IPPB . A repeat blond analysis re-
veaIed a P,C0 7 41 mmHg., pII 7 .39 and
P,O: 52 mmHg . (on 02) ; the P,CO, arm JAI
Values were considered normal 11y the attend-
ing physicians . However, over the next 5
hours cyanosis, agitation, and severe confusion
developed with an arterial P,C0 5 of 57
mmllg., pH of 7.30, anti P„O, of 40 mmHg .
(on nasal U,) . At this point, tracheostomy
was performed during which tilt P,.C0_ anrT
pH deteriorated further (P,.CO : 86 mmHg.,
p1-I 7,12) . With controlled ventilation and
adequate suctioning he was alert, coopera-
tive and tolerated assisted IPPB by the fol-
lowing day . Arterial blood revealed P„ CO,

Vor.rnrf, 26 . OcTnnnn~, 1968

SIGNIFICANCE OF 1', CO.-L1 l:ISS FT AL.

	1

8

	

12

	

16

HOURS after admission

-Figure 2 .

20

	

24

45 mmlTg., pH 7.15, and P.O :. 9U mmHg .
Complete rccovcry occurred thcrelfter.

Co rrrmeist : From the `cross-aver"
point of P;,CO ., 40 mrnhlg., this patient
rapidly deteriorated into respiratory
acidosis necessitating tracheostornv .
The "normal" P,_CC_,-pH data and the
progressive hypoxemia were not fully
appreciated during a period of clinical
instability. Awareness of the cross-over
period might have alerted the physi-
cians to impending ventilatory failure
anti resulted in more vigorous therapy .
Case 3 : E .J ., a 46-year-old negro female

was admitted In status asthni,Lticus . (Figure
3) . On medical treatment including adrenal
nrticoSteraids and. tetracycline an arterial

T]TOC73 on th 1 • second day Showed : PnCO. 25
mmHg., pTT 7 . .51, and P,,.0, 74 mm!Ig . .'on
mash 0,1 .

Status ,istlnnaticus persisted, and on the
third hospital day the P„CO, %vas 27 mmHg.,
pH 7.47, and R .O 80 mmllg . (on 02) .
Severe fatigue and clinical dc`erioration en-
sued but repeat blood analysis was not ob-
tained until noon of the fourth hospital day :
P,C0 2 46 mmIlg., pH 7.37. and Pao_ 48
mmflg. (on 0,) . Despite renewed intensive
treatment. a rapid downhill course developed
over the next 7 hours necessitating a trach-
eostomy (P :,C7_ 52 mmilg ., pIl 7,31) . The
patient was placed en assisted ventilation
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uent erial blood de-
during the course of

particularly if clinical
improvement occur. The cross-
over phase (Figure 3) might have been
appreciated by additional serial P aCO2
and pH observations reflecting pro

V/Q disturbances or reduced
ctive alveolar ventilation, and earlier

attempts to reverse her course may
have been successful . Thus, further
medical observation and vigorous treat-
ment are clearly indicated at this po-
tentially critical point in an asthmatic's
course .
Case 4 : This 61-year-old white male, M.M.,
ered the Boston City Hospital with status

asthmaticus .
Arterial blood gases on admission revealed

a P,CO, of 34 mmHg., pH of 7 .52, and
P O, of 64 mmHg . ; the Peak Expiratory Flow
Rate (Wright meter) (PEER) was 200
548
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6, and n0,
covered manifest-

. tracheostomy
to discharge .

Capac
dieted) .

Despite ca °e e ud
doses of adrena orticosteroids, clr
cline continued during the first hospi
The FVC fell to 1 .47 L., the PEER to
L/min., with the PaCO2 rising to 39 mmHg.,
and a pH of 7 .40. This clinical and physio
logic deterioration was treated more aggres-
sively with IPPB •, bronchodilators, sputum
evacuation etc ., and by late that evening_ be
improved clinically, with the PACO, falling
to 34 mmHg . Significant clinical progress
continued over the next 2 days. Concurrent-
ly, spirometric and blood gas data improved :
(FVC 3.0 L, PEER 350 L/min., P,CO, 39

and pH 7.45),

lovi"IYHI : e
value of serial as an
ossible ventilatory failure

may be therapeutically altered .
clinical context, the rise in P,CO •;
34 to 39 mmHg . (also corroborat
simple mechanics testing) was inte
preted as approaching the cross-over
phase. More intensive treatment at this
point was associated with cl (
blood gas improvement. Of c
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obstruction as the res
sal edema and
retion and of

require ercome incr e
inspiratory and expi ory resistances .
Hyperinflatio with re-
sidual air and a reduction in vital ca-
pacity may follow.` Concurrently, non-
uniform gas distribution with inequali-
ties in regional ventilation and/or per-
fusion (U/Q) are manifested as arterial
hypoxen-ii Both this hypoxemia and .
psychologi factors may contribute to



the ensuing hype ventilation . The pres-
ence of hypocapnia at this point indi-
cates that alveolar hypoventilation is
not the cause of the hypoxemia .

In chronically stable asthma, mild
hypoxemia may occur at frequencies
not previously appreciated,,, 1,7 since
hemoglobin saturations are normal or
minimally reduced. However, in severe

atus asthmaticus, advanced hypox-
emia develops . This may be intensified
by the therapeutic use of isoproterenol,
aminophylline or adrenaline as empha-
sized by the recent literature . 6,s,0

The arterial P,CO, in status asthmati-
cus may initially reveal normocapnia or
hypocapnia with or without respiratory
alkalosis . With progressive disease, fur-
ther inequalities in V/Q develop and
initial compensatory increases in effec-
tive alveolar ventilation subsequently
fail because of increased airway re-
sistances and associated excessive work
of breathing . Thus, some patients with
status asthmaticus will progress to gross
hypercapnia and respiratory acidosis .10
This form of "hypoventilation" may be
intensified by the administration of sed-
ative drugs . Palmer and Diament have
clearly stressed the serious conse-
quences of respiratory acidosis and
have concluded that acute hypercap ri
is an important sign of impending
deterioration in status asthmaticus,(;
Our cases suggest that this deteriora-
tion can occur rapidly and may be im-
plicated in those patients who die sud-
denly." Such demise may be related to
limited CSF buffering during acute by-
percapnia affecting respiratory or vas-
omotor centers .12

The patients presented in this paper
illustrate the value of serial arterial
PaCO., and pH data as indicators of
the transition from hyperventilation to
alveolar hypoventilation in conjunc-
tion with progressive V/Q inequalities .
In particular, the shift of P,CO.~ from
hypocapnia to normocapnia may herald

550
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"cross-over" into hype d
respiratory acidosis . ; It has been sug-
gested that PaCO2 is not a reliable esti-
mate of respiratory failure in asthma
until late in the course of the disease .7
However, this objection is minimized
by our emphasis on serial changes in
Pa,CO as an indicator of progressive
respiratory failure, noton the result of
one or two isolated samples . Further-
more, hypoxemia may be corrected by
the administration of oxygen and the
parameter of severe hypoxemia reflect-
ing progressive V/Q abnormalities may
be lost. The approach of P,CO2-pH
data to the "cross-over range of normal
values should alert the physician to
reassess the entire clinical picture and
to modify or intensify therapy . Obvi-
ously, this concept will not apply to
improved patients who attain normal
PaCO2 and pH relationships . Cases 1,
2, and 3 illustrate this point of fra
deterioration once the cross-over point
is reached. Case 4 qualifies the con-
cept by indicating that a patient re-
ceiving intensified treatment may re-
cover without progressing to hyper-
capnia and respiratory failure . Further
studies are underway to delineate the
frequency and possibility of reversibil-
ity once this phase is reached . It should
be clear that each patient's P,CO_ and
pH data must be interpreted in the
proper clinical context, and coexisting
metabolic acid-base disorders defined,
so that these indices may be of value
in the management of status asthmat
cus.
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