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Hematologic Changes in Acute Carbon
Monoxide Intoxication

Sung-Soo Lee', I1-Saing Choi’ and Kyung-Soon Song’

This study was performed to investigate the hematologic changes and its pathogenesis in acute carbon
monoxide (CO) intoxication. Seridl complete blood counts (CBC) were obtained in 17 patients with acute
CO intoxication five times in two weeks. Pevitheral blood smear, bome marrow aspiration and biopsy
were obtained in 7 patients within the first week. We analyeed the results of serial CBC's. Levels of
hemoglobin and hematocrit rvose only initially, probably due to dehydration and hemoconcentration rather
than hypoxia. Leukocytosis, mainly neutrophilic, observed during the first few days seemed to be a
Dhysiological phenomena due to a stressful situation, such as hypoxia. Levels of Platelet increased steadily
after a initidl decrease. We found no specific findings in bone marrow.
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Carbon monoxide (CO) intoxication dates
back to the roots of industrialization, and its
significance increases mainly with present en-
vironmental pollution caused by motorization
and partly with smoking habits. Since coal is
still used as domestic fuel for cooking and
under-the-floor heating in our country, acute
CO intoxication is seen more frequently.

The pathophysiology of acute CO intoxica-
tion was first revealed by Claude Bernard
(1857), who said that the cause was tissue
hypoxia rather than CO’s toxicity (Winter and
Miller 1976). In 1927, Haldane described the
symptoms caused by carboxyhemoglobin
(COHDb) saturation. Carbon monoxide affects
brain and heart most severely, but other
systemic manifestations were noted not infre-
quently (Choi 1991). The laboratory findings of
acute CO intoxication are also diverse. Red
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blood cell (RBC) counts, hemoglobin (Hb), and
hematocrit (Hct) were raised (Ramsey 1969a).
White blood cell (WBC) counts were also in-
creased(Whang and Choi 1990). The urinalysis
showed positive for glucose, protein, and myo-
globin. There were increases of serum crea-
tine kinase (CK), lactic dehydrogenase (LDH),
glutamic pyruvic transaminase (SGPT), glu-
tamic oxaloacetic transaminase (SGOT), and
glucose (Whang and Choi 1990). But these de-
lineations are far from distinguishing with
that of chronic CO intoxcation. They are
known to cause reactive erythropoiesis (Jaeger
and McGrath 1975; Penney and Bishop 1978;
James et al. 1979), leukocytosis secondary to
inflammation (Vanuxem et al. 1984; Bridges et
al. 1986), and platelet dysfunction (Mansouri
and Perry 1982, Madsen and Dyerberg 1984;
Renaud ¢t al. 1984).

So we performed this study to investigate
the hematologic changes of acute CO intoxica-
tion which could be different from that of
chronic CO intoxication, and, if possible, eluci-
date the mechanisms of the changes by doing
serial tests of complete blood counts (CBC),
peripheral blood smear, and bone marrow as-
piration and-biopsy.
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MATERIALS AND METHODS

Nine male and eight female patients with
acute CO intoxication, from 15~74 years of
age (mean 389 years) who were admitted to
Wonju Christian Hospital, Wonju College of
Medicine, Yonsei University, from May 1, 1991
to March 31, 1992 were evaluated. Patients
who were admitted after 24 hours of discov-
ery, with past history of hematologic diseases,
who were pregnant, immediate postpartum or
postoperational state were excluded. Also ex-
cluded were patients with purpura, hematuria,
infection, or disseminated intravascular coagu-
lation in the course .of hospitalization.

Patients were evaluated by careful history
taking, physical and neurological examination,
and divided into several groups according to
the mental state (Table 1, Snyder et al. 1980).
Results of COHb and serial CBC were fol-
lowed. CBC’s were done on the day of onset,
3, 5 7, and 14 days later. In four male and
three female patients, we performed bone
marrow aspiration and biopsy within 7 days
after intoxication.

Complete blood counts were done using the
Coulter S plus IV autoanalyzer, and the dif-
ferential counts of WBC was done manually
by counting two hundred WBC's. We used the
Wright-Giemsa stain for the peripheral blood
smear, and Wright-Giemsa stain and Prussian
blue stain for the bone marrow aspiration. He-
matoxylin-Eosin stain was used for the bone
marrow biopsy. We evaluated the following
parameters serially 5 times, during the 2 week
duration of the study; Hb, Hct, RBC, WBC
with differential count, mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concen-
tration (MCHC), red cell distribution width
(RDW), mean platelet volume (MPV), platelet
distribution width (PDW). For statistical anal-
yses, independent Student t-test was used for
comparison between male and female patients,
and nonparametric Friedman test was used
for daily comparison of each item and for
mental states and hematologic changes. We
also studied the relationship between the
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results of CBC’s and bone marrow exam.
RESULTS

1) The mental state of the 17 patients were
listed in Table 1. There were no significant
statistical difference between male and female
patients, and between mental states and hem-
atologic changes. .

2) Hematocrit, WBC, platelet, and MPV in
both male and female patients, and Hb, RBC,
MCHC, and differential counts of WBC in
male patients, and PDW in female patients
showed daily changes with statistical signifi-
cance (Table 2). In both male and female pa-
tients, Hb (Fig. 1) and Hct (Fig. 2) increased
on the day of onset, decreased on the fifth
day, and showed variable changes afterwards.
Red blood cell counts showed similar changes
only in male patients (Fig. 3). But these
changes of Hb, Hct, and RBC counts were all
in normal limit. White blood cell counts re-
vealed an abrupt rise on the day of onset,
then slowly decreased to normal ranges in
both male and female patients. The increase
in WBC was mainly due to neutrophilia (Fig.
4). Platelet counts also showed an initial de-
crease and later increased in both male and
female patients, but the changes were also
within normal limit (Fig. 5). In male patients,
MCHC showed a little increase first, then
slowly decreased (Fig. 6). Mean platelet vol-
ume reached peak on third day, and gradually

Table 1. Mental state of 17 patients with acute CO
intoxication at emergency room

. No. of
Score Response to pain patients
0 alert 1
1  drowsy, confused, respond
to verval command
2 localize and resist to pain 3
3  withdrawal response to pain 2
4  decorticate rigidity to pain 6
5 decerebrate rigidity to pain 2
6 no response to pain 0
Volume 35
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Table 2. Hematologic changes and its statistical significance in patients with acuth CO intoxication

Sex OD 3rd D 5th D 7th D 14thD Significance®

Hb(g/dl) M 14.96+1.19 13.82£1.93 12.66+1.38 13.30+1.97 13.21 £1.32 .0103
F 14.12+1.09 1257+1.12 1226 +1.74 12.37£1.85 11.77+£2.53 .0518

Hct(%) M 42,76 +4.03 40.48£6.25 37.25+4.90 38.98+5.36 38.96+3.93 .0192
F 41.43+£3.37 37.27+3.66 36.50£5.32 36.73£5.20 35.67+£7.45 0314

RBC10¢/¢1) M 460.1 £57.3 431.3+£79.1 396.8+£66.9 416.5+£79.9 407.6£59.9 0138
F 458.2+38.6 4145+51.8 407.0+£58.3 399.1 £59.5 423.5+83.1 .0518

WBC(10*/4) M 189.7+62.8 145.8+42.6 89.4+18.4 81.7+19.8 80.3+185 .0024
F 200.3£75.5 156.2+72.9 92.1+31.7 100.7 +30.9 84.5+26.2 .0314

P1t(10%/p1) M 320.2+76.6 245.7+£62.5 232.0+48.8 288.7+42.7 392.8+118.4 .0003
F 3235+109.4 232.8+729 226.8 +65.7 228.8+77.9 464.7£1125 0113

MCV(fl) M 93.41+5.72 94.48 £5.72 94.44+6.02 94.66 +6.99 96.15£5.32 1209
F 90.62 £6.60 90.37£6.72 90.26 +£6.62 90.75+£7.38 84.57+8.65 3546

MCH(pg) M 32.74+£2.32 32.34+2.17 32.24+£2.63 32.21+2.06 32.61£1.72 1074
F 30.92+2.28 30.55+2.79 30.48£2.45 30.58+2.56 27.92+£3.27 1680

MCHC@E/dl) M 35.04+1.04 34.22+£0.97 34,14+ 1.06 34.06+1.19 33.93+0.85 .0289
F 34.16+0.93 33.78£1.04 33.60+0.57 33.75+0.77 33.02+0.42 1712

RDW(%) M 12.97+0.58 12.95+0.51 12.72+0.49 12.57 £0.36 12,56 +£0.43 3121
F 13.30+1.40 13.28+1.43 12.83+1.55 12.90+1.68 13.40+£1.74 2977

MPV (f1) M 7.46+0.84 8.11+0.83 7.97+0.75 7.70£0.64 7.30+0.78 0319
F 8.01+0.78 8.31+0.63 8.12+0.77 8.22+0.52 7.55+0.77 0159

PDW(%) M 16.81 £0.55 16.73£0.38 16.94 +0.45 16.96 £0.96 16.85+£0.77 .8500
F 16.62+0.19 16.96 +£0.39 17.23+0.58 17.28 £0.41 16.50£0.35 .0302

Seg M 78.2+16.4 79.3+11.6 68.2+11.0 60.8+9.5 58.0+12.0 .0186
F 81.5+88 81.7+134 73.3+11.0 72.0+8.6 59.0+21.2 2532

Band(%) M 43+5.9 2.0£2.2 06+1.6 0204 0.0+0.0 .0221
F 2.7+3.4 1.0x1.6 06+1.4 0.6x0.8 0505 8355

Lymph(%) M 11.6+£124 12.8+£7.2 22.1£10.1 28.2+9.3 29.8+7.0 .0966
. F 12.0+8.0 140x£11.4 21.0+9.3 20.6+8.2 322x175 3139
Mono(%) M 42+25 36+£2.1 6.2+3.1 6.0+2.8 6.3+2.0 1241
F 2.6x2.3 3.2+26 33+1.6 48123 57+1.8 2442

( ) are unit and values are mean=standard deviation. Significance*: daily changes were compared by
Friedman test. Abbreviations: OD: onset day, D; day, Hb; hemoglobin, Hct; hematocrit, RBC; red blood cell,
WBC; white blood cell, Plt; platelet, MCV; mean corpuscular volume, MCH; mean corpuscular hemoglobin,
MCHC; mean corpuscular hemoglobin concentration. RDW; red cell distribution width, MPV; mean platelet
volume, PDW; platelet distribution width, Seg; segmented neutrophil, Band; bandform, Lymph; lymphocyte,

mono; monocyte
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Fig. 1. Serial changes of hemoglobin in patients with
acute CO intoxication. The values were mean
(N=17,M=9, F=8). (Hb: hemoglobin)
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Fig. 2. Serial changes of hematocrit in patients with
acute CO intoxication. The values were mean
(N=17, M=9, F=8). (Hct: hematocrit)
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Fig. 3. Serial changes of red blood cell in male pa-
tients with acute CO intoxication. The values
were mean (N=9). (RBC: red blood cell)
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Fig. 5. Serial changes of Dlatelet in patients with
acute CO intoxication. The values were mean
(N=17, M=9, F=8). (Pli: platelet)

8.5
///A\\\~,°_,—”ﬂ
2 81 o
t \\
> \
Z / \
751 —e— MPV(M) N ®
--0-- MPV(F) ~
7 1 1 1 1 1 ]
1 3 5 7 14
: Day

Fig. 7. Serial changes of mean platelet volume in pa-
tients with acute CO intoxication. The values
were mean (N=17, M=9, F=8). (MPV:
mean platelet volume)
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Fig. 4. Serial changes of white blood cell in patients
with acute CO intoxication. The values were
mean (N=17, M=9, F=8). (WBC: white blood
cell)
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Fig. 6. Serial changes of mean corpuscular hemoglo-
bin concentration in male patients with acute
CO intoxication. The values were mean (N=
9). (MCHC: mean corpuscular hemoglobin con-
centration)

fell (Fig. 7).

3) In peripheral blood smear, RBC looked
normal in six cases and showed slight
anisocytosis in one male. There were neutro-
philia and giant form platelets in all cases
with toxic changes of WBC (Fig. 8). In spite
of abnormal peripheral blood smear, following
CBC showed normal platelet indices. Normal
cellularity was seen in six out of seven bone
marrow exam, and only in one case,
hypocellularity was revealed. In three cases,
mild shift to left maturation of myeloid cell
was seen. In all cases, there were no increase
of stem cells. including megakaryocyte that
meant overproduction of blood cells in bone
marrow.
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Fig. 8. Findings of peripheral blood smear in patient with acute CO intoxication. Toxic granule and vacuole were

seen (Wright-Giemsa stain, x 1,000)

DISCUSSION

Many experimental exposures on animals
and man have been performed using automo-
tive exhaust, cigarette smoke, and pure CO,
and some evaluations have been made con-
cerning their effect on Hb and erythrocytic
proportions in blood. The results of several
such studies, when compared, appear some-
what discrepant. Rossiter (1942) commented on
a study involving six students exposed to 400
ppm of CO for 68 days with resulting increase
in Hb and RBC counts. On the other hands,
Eckardt et al (1972) insisted that very low
level of CO, such as 20 to 60 ppm, did not
alter Hb or Hct even when given chronically.
Prigge and Hochrainer (1977) found that the
exposure to 250 to 500 ppm of CO caused a
sharp depression in fetal Hb and Hct, coinci-
dent with a marked reduction of the weight
of fetus. But in general, later increases in Hb,

Number 3

Hct and RBC counts were reported (Jaeger
and McGrath 1975; Penney and Thomas 1975;
James et al. 1979; Penney et al. 1988). The ear-
lier reports suggested that erythropoiesis was
the main cause of increase in Hb, Hct and
RBC counts in chronic CO exposure
(Auerbach et al. 1969). Penney and Bishop
(1978) reported Hb, Hct, and RBC counts
showed initial increase after 4~7 days, reach-
ing plateau after 25~30 days, and returned to
control value after quitting exposure to CO.
Polycythemia and hypervolemia caused by CO
exposure resulted in cardiomegaly, especially
right heart (James et al. 1979; Penney 1990).
But studies on hematologic changes in acute
CO intoxication were meager. Ramsey (1969a)
found that when his students were exposed
weekly for varied times to varied concentra-
tion of CO, their Hb and Hct showed immedi-
ate postexposure increase and maintained for
2 months after exposure had ceased. Ramsey
(1969b) also reported similar results in his ani-
mal study, Syvertsen and Harris (1972) com-
mented that Hb and Hct increased after 48
hours in dogs exposing to 195 ppm of CO to
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72 hours. But the pathogenesis of this rapid
increase in Hb and Hct were controversial.
Neither hemoconcentration due to shift of
fluid (Asmussen and Nielsen 1945) nor
erythropoiesis (Parving 1972) proved to be
right until now. Smith and Landaw (1978) re-
ported both hemoconcentration and erythro-
poiesis occurred in cigarette smokers. We
found that Hb, Hct, and RBC increased on
the onset day, but decreased immediately
thereafter and showed only mild increase
after the 5th day after the intoxication. The
changes were all in normal ranges. Therefore
we thought the initial increase was due to
hemoconcentration - rather than erythropoiesis,
and following. decrease might be related to in-
travenous fluid supply during the hospital
stay. .

Another characteristic hematologic change
in CO intoxication is the toxic changes of
WBC, such as initial leukocytosis and neutro-
philia. Vanuxem et al. (1984) commented the
relationship between CO concentration and
leukocytosis in cigarette smokers, and Bridges
et al. (1986) reported that CO rather than nic-
otine was related to leukocytosis. But Taylor
et al. (1986) reported only nicotine concentra-
tion was related to WBC counts in both
smoker and nonsmoker. All these studies were
derived from chronic or repetitive low-level
exposure of CO, resulting in chronic leukocy-
tosis. In our study of acute CO intoxication,
the initial leukocytosis and neutrophilia were
thought to be similar with that of strenuous
physical exercise, hypoxia, excessive stress,
and in case of epinephrine injection (Davey
and Nelson 1991). The neutrophilia resulted
from increase in circulating neutrophils, whose
nature were to stick to endothelium, was
changed by cyclic AMP released by beta re-
ceptors of endothelium stimulated by epineph-
rine (Boxer ef al 1980). The effects of acute
CO intoxication upon platelets are not well
known. Stonesifer o al. (1980) did a case re-
port on thrombotic thrombocytopenic purpura
in CO poisoning. He found decrease in platelet
count, but not the mechanism. Mansouri and
Perry (1982) showed that both cigarette smoke
and CO pretreatment inhibited significant
platelet release reaction. And they thought
the dysfunction of platelet was due to CO.
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But other investigators (Madsen and Dyerberg
1984; Renaud et al. 1984) emphasized nicotine
but not CO as the cause of platelet dysfunc-
tion in their experiment using bleeding time
or clotting time. Although the changes of
platelets we observed were within ranges of
normal limit, the changes seemed to be simi-
lar with that of cyanotic congenital heart dis-
ease (Goldschmidt e al. 1974) or chronic ob-
structive pulmonary disease (Johnson et al.
1978) which were related to hypoxia. We ob-
served continuing increase in platelet counts
after initial decrease and normal megaka-
ryocytes on bone marrow examination. It
seems that the destruction of platelets was
the cause of transient decrease in platelet
counts, and not a decrease in production in
the marrow.

. The effects of acute CO intoxication upon
bone marrow are also not well known. This
study revealed only one case of shift to left
maturation of myeloid cell and no other ab-
normal findings. Therefore we believe that
the acute CO intoxication has no specific ef-
fects on the bone marrow, although our num-
bers of cases are small.
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