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Hematocrit, Blood Viscosity and Plasma Viscosity in Patients with
Aneurysmal Subarachnoid Hemorrhage

Ki Suk Choi, M.D., Man Bin Yim, M.D.,, Eun 1k Son, M.D,
Dong Won Kim, M.D.,, In Hong Kim, M.D., Dong Seok Jeon, M.D.**
Department of Neurosurgery and Clinical Pathology**, School of Medicine,
Keimyung University, Taegu, Korea

In order to find out the relationship between blood viscosity and the development of an
ischemic symptom(clinical vasosmsm) following an aneurysmal subarachnoid hemorrhage
(SAH), we checked daily the hematocrit(Hct), blood viscosity and plasma viscosity from admis-
sion day to 14 days after a SAH in 33 patients. Twelve patients with diseases except those
with a SAH were selected as a control group.

We analyzed the difference of the average hematocrit, blood viscosity, and plasma viscosity
between the control group, non-spasm group and spasm group on admission, and then the
period of preoperative, postoperative with mannitolization, and postoperative without mannitoli-
zation. We also analyzed the change of those according to the SAH day, and the relationship
between the blood viscosity and the level of hematocrit in each group.

As a result, aneurysmal SAH patients with clinical vasospasm showed a higher plasma visco-
sity than the control(1.82+ 0.21 vs. 1.55+ 0.14, respectively : p<<0.01) and clinical non-spasm(1.
82+ 021 vs. 1.66+ 0.12, respectively - p<0.05) group of patients on admission statistically.
In the spasm group, the blood viscosity was raised during the spasm risk period(SAH 7—10
days). The level of the hematocrit in the spasm group was lower than the non-spasm group
and most of them checked below 30% after surgery. In the relationship between the level
of hematocrit and the blood viscosity, the spasm group showed a relatively higher blood viscosity
than the non-spasm group.

These results suggest that the blood viscosity has some role in the development of ischemic
symptoms after a subarachnoid hemorrhage, but major determinants such as erythrocyte aggre-
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gation, plasma fibrinogen concentration and platelet aggregation which affect the microcircula-

tion have a more important role. Therefore, when hemodilution are used for prevention or

improvement of ischemic symptoms after subarachnoid hemorrhage, the level of the hematocrit

and the focus on decreasing the major determinants of the viscosity in microcirculation should

be considered.

KEY WORDS : Subarachnoid hemorrhage * Hematocrit * Viscosity * Vasospasm - Hemodilu-

tion.
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Table 1. Comparision of average Hct, blood viscosity, and plasma viscosity between control group, non-

spasm and spasm group on admission

Group Hcet (%) Blood viscosity Plasma viscosity

Control 40.77+ 450 398+ 0.76 155+ 0.14
group (n=12)* (n=12) (n=12)

Non-spasm 4003+ 4.10 420+ 0.76 166+ 0.12
group (n=18) (n=16) (n=16)

Spasm 39.81+ 2.85 430+ 0.73 182+ 0.21
group (n=12) (n=11) (n=11)

(' )*: No. of patients.

t-test : plasma viscosity : control group vs. spasm group(p<0.01)
non-spasm group vs. spasm group{p<{0.05)
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Table 2. The average Hct, blood viscosity and plasma viscosity according to subarachnoid hemorrhage

(SAH) day
Group SAH day 1-2 3—4 5-6 7—8 9—10 11-12 13— 14
Ns* 3831+ 3.8235.65+ 3.8833.72+ 4.6131.50+ 2.7431.54 + 35731.62+ 3873268+ 4.18
Het(%) Sa** 3821+ 2.5134.17+ 5.3031.55+ 3.6230.74+ 5.5628.08+ 4.7028.25+ 3.3329.38+ 3.24
Sb** 4045+ 2.0538.00+ 4.6529.94+ 7.2332.08+ 5.7927.71+ 3.0727.20+ 2.7627.54+ 5.16
Ns 401+ 084 3.73+054 364+ 059 354+ 0.71 3.80+0.65 3.74+054 3.85+ 0.58
Blood Sa 432+ 0.72 4.0420.77 352+ 0.39 389+ 0.79 346+ 0.66 4.03+ 093 3.63% 0.74
viscosity Sb 350+ 0.42 403+ 082 329+ 091 347+0.70 4.10+ 123 326+ 0.41 332+ 0.35
Ns 165+ 0.13 1.66+ 024 164+ 0.18 1.66+023 1.77+ 030 1.76+ 021 182+ 027
Plasma Sa 199+ 021 1.77+0.17 180+ 0.15 1.77+022 1.78+ 028 194+ 0.31 1.87+0.25
viscosity Sb 150+ 0.14 1.73+0.32 1.70+ 0.21 1.90+0.27 2.06+ 052 1.84+0.37 1.81+ 0.24

* Ns : Group of non-spasm patients
** Sa . Group of spasm patients without gastrointestinal bleeding
*** Sb : Group of spasm patients with gastrointestinal bleeding
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Fig. 1. The change of average blood viscosity and plasma viscosity according to SAH day.
The average blood viscosity and plasma viscosity increased 7 to 10 days after SAH and then, decrea-
sed thereafter in spasm with gastrointestinal bleeding group and spasm without gastrointestinal
bleeding group in spite of no statistical significance among each group.
Non-spasm group: @ ® Spasm without gastrointestinal bleeding group : @ —— —— @
Spasm with gastrointestinal bleeding group : ® — + — « — o,
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Table 3. Comparision of average Hct, blood viscosity, plasma viscosity during preoperative period, posto-
perative period with mannitolization and postoperative period without mannitolization

Group preoperative postoperative period postoperative period
period wiht mannitolization without mannitolization
Ns* 36.34+ 3.06 31.98+4.18 31.79+ 349
Het( %) Sa** 3456+ 3.98 2884+ 462 27.08+2.76
Sh*** 4227+ 1.10 29.69+ 5.53 29.18+ 5.14
Ns 4.01+ 0.66 361+ 0.59 3.79+ 0.54
Blood Sa 4.15+ 0.80 3.36+1.37 357+ 061
viscosity gy, 148+ 0.76 355+ 091 336+ 040
Ns* 1.72+ 0.24 167+024 182+ 0.22
Plasma Sa 1841023 176+ 0.17 1.87+ 0.30
viscosity Sh 1.82+ 0.40 1.88+0.38 1.83+ 0.37

* Ns . Group of non-spasm patients

** Sa : Group of spasm without gastrointestinal bleeding patients
*** Sh : Group of spasm with gastrointestinal bleeding patients
Plasma viscosity : Ns vs. Sb(p<{0.01)
Postoperative period without mannitolization »
Hct - Ns vs. Sa(p<<0.01)
Blood viscosity : Ns vs. Sb(p<{0.05)

One way analysis
Preoperative period 3
Hect : Ns vs. Sb(p<0.01), Sa vs. Sb(p<<0.01)
Postoperative period with mannitolization
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Fig. 2. The relationship between blood viscosity and the level of hematocrit in each group.
The spasm groups showed relatively higher blood viscosity than non-spasm group.
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