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Abstract
Background The postoperative metabolic states of subarach-
noid hemorrhage (SAH) patients were investigated using indirect calorimetry (IDC) and various nutritional evaluations to
establish any difference in perioperative metabolic and nutritional states between microsurgical and endovascular treatment.
Methods This study included 30 acute aneurysmal SAH patients with ruptured intracranial aneurysms treated by surgical
clipping (n = 16) or coil embolization (n = 14) at a single institute. The resting energy expenditure (REE) and respiratory quotient
were measured using IDC on days 1, 4, 7, 10, 14, and 17–21 after the operation. Various blood tests, including C-reactive protein
(CRP) and prealbumin, were evaluated on the same days.
Results The clipping group showed a significant increase in REE/basal energy expenditure (BEE) compared with the coiling
group on days 1 and 4 (p = 0.04 and 0.03, respectively). No significant differences were found on days 7, 10, 14, and 17–21. The
meanREE/BEE on days 1–14 and 1–21 showed no significant differences between the groupswith repeatedmeasures analysis of
variance. The clipping group showed a significant decrease of prealbumin on day 4 and significant increase in CRP on days 1, 4,
and 7.
Conclusions The clipping group was in the hypermetabolic state compared with the coiling group during the very early postop-
erative period. However, the difference associated with the treatment modality was relatively small compared to the effects of the
SAH and of the sequelae.
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Introduction

Patients in the acute phase of subarachnoid hemorrhage
(SAH) may develop systemic inflammatory response syn-
drome as well as deterioration in physical or neurological
condition, despite multidisciplinary therapy [27]. In addition,
invasive surgical procedures such as microsurgical clipping or

endovascular coiling may be necessary to treat the ruptured
aneurysm. Patients may enter the hypercatabolic state caused
by elevation of catecholamine secretion in the perioperative
period [1, 10, 25]. Postoperative malnutrition caused by the
hypercatabolic state can result in various problems following
surgery such as the occurrence of cerebrovascular spasm.
Therefore, assessment of the metabolic and nutritional states
is important in the perioperative period of SAH [1, 10, 14, 25].

Coil embolization has been widely adopted for the treat-
ment of cerebral aneurysm since the 1990s and has revolu-
tionized the treatment of aneurysmal SAH [7]. Microsurgical
clipping has been carefully compared with endovascular
coiling regarding the safety and efficacy to determine whether
endovascular coiling can replace microsurgical clipping [11,
13]. However, no study has compared microsurgical clipping
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with endovascular coiling regarding the metabolic and nutri-
tional states during the perioperative period.

The present study investigated the postoperative metabolic
state of patients with aneurysmal SAH using indirect calorim-
etry (IDC) and various nutritional evaluations at short inter-
vals to establish any difference in perioperative metabolic and
nutritional states between microsurgical and endovascular
treatment.

Patients and methods

A total of 51 patients with acute SAH underwent micro-
surgical clipping or endovascular coiling for the treatment
of ruptured aneurysm at Takasaki General Medical Center
between June 2014 and December 2015. Patients were ex-
cluded who could not undergo IDC (coma, use of a venti-
lator or high-concentration oxygen, difficulty keeping still
in bed, and so on) and had hypoalbuminemia due to liver
dysfunction before admission. Finally, 30 patients, 8 males
and 22 females, with median age of 65.5 years (interquar-
tile range, 59.8–71.5), were included in this study
(Table 1). Microsurgical clipping or coil embolization
was selected for treatment of the aneurysm according to
the location and shape of the aneurysm or the physical
condition. Clipping was preferred for middle cerebral ar-
tery aneurysms. Coiling was preferred for posterior circu-
lation aneurysms (Table 1) [22]. Selection of microsurgical
clipping or endovascular coiling for internal carotid artery
and anterior cerebral artery aneurysms was decided after
discussion based on preoperative imaging findings involv-
ing the neurosurgical team. Clipping was preferred for
thrombotic aneurysms, very small aneurysms, and distal
anterior cerebral artery aneurysms [16]. Coiling was pre-
ferred as less invasive and safer in the presence of compli-
cated surrounding anatomy and multiple aneurysms.
Coiling was preferred in only two cases because of poor
general condition associated with chronic heart failure and
after glioblastoma resection.

All operations including both clipping and coiling were
performed under general anesthesia, using concurrent inhala-
tion anesthetic (sevoflurane or desflurane), propofol,
rocuronium, and remifentanil. Fentanyl was also used inmany
cases. Only one patient treated by coiling did not undergo
intubation, but was sedated mainly with continuous adminis-
tration of propofol. Several surgeons performed the opera-
tions. All clipping surgeries were performed through conven-
tional fronto-temporal or bifrontal craniotomy without
minicraniotomy, anastomoses or through invasive skull base
drilling [12].

This study was approved by the Institutional Review Board
of Takasaki General Medical Center. Informed consent was
obtained from the patients or family.

Medical treatment after clipping or coiling

The absence of problematic bleeding was confirmed on the
day after the operation, and then fasudil hydrochloride and
ozagrel sodium were administered to prevent cerebral vaso-
spasm [20, 24]. Fluid to maintain adequate intravascular water
volume was also given to patients in relatively favorable gen-
eral condition including cardiac function. A vasopressor was
sometimes administered to maintain blood pressure for pre-
vention of cerebral vasospasm [8]. Early enteral feeding or
oral nutrition was attempted after the operation [3]. Various
methods and quantities of nutritional administration were

Table 1 Characteristics of the study population

Feature Median (IQR) or no.

Clipping (n = 16) Coiling (n = 14) p Value

Age (years) 65 (59.5–70.5) 67 (60.5–73.0) 0.51

Sex 0.69

Male 5 3

Female 11 11

BMI (kg/m2) 23.3 (21.9–24.0) 22.5 (20.9–26.1) 0.79

WFNS grade 0.71

1 3 4

2 7 5

3 1 1

4 5 4

5 0 0

mRS 0.80

0 7 5

1 2 3

2 2 2

3 2 1

4 3 2

5 0 1

6 0 0

Location of aneurysm

A-com 3 5

MCA 7 0

IC 5 7

ACA 1 0

PCA 0 1

VA 0 1

Infarction due to DCI 2 3 0.64

Symptomatic spasm 6 5 1

Shunt for hydrocephalus 5 5 1

ACA anterior cerebral artery, A-com anterior communicating artery, BMI
body mass index, DCI delayed cerebral ischemia, IC internal carotid
artery; IQR interquartile range; MCA middle cerebral artery, mRS modi-
fied Rankin Scale, PCA posterior cerebral artery, VA vertebral artery,
WFNSWorld Federation of Neurosurgical Societies
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used, such as oral intake, enteral feeding, peripheral parenteral
nutrition, and/or central venous parenteral nutrition, but we
tried to administer adequate energy and protein. Priority was
given to oral intake. A sufficient amount of energy was ad-
ministered to many patients. However, the amount of protein
was occasionally less than the target value (1.0–1.5 g/kg/day)
(data not shown).

Measurement of systemic metabolism
and energy consumption

The resting energy expenditure (REE) and respiratory quo-
tient (RQ) were measured using a portable IDC device (AE-
100i®, Minato Medical Science Co., Ltd., Osaka, Japan) on
days 1, 4, 7, 10, 14, and 17–21 after the operation. All mea-
surements were conducted at the bedside before feeding with
room air. The gas analyzer was automatically calibrated before
each measurement. After the patient had rested for over
30 min, the mask was placed on the patient’s face and then
the oxygen and carbon dioxide amounts passing through the
sampling tube were detected with the gas analyzer [17]. All
measurements were conducted for 15 min, and the first 5 min
of data were discarded [14]. The REE was calculated with the
modified Weir formula as follows: REE (kcal/day) = (3.9 ×
VO2 [ml/min] + 1.1 × VCO2 [ml/min]) × 1.44, where VO2 is
volumetric oxygen consumption and VCO2 is volumetric car-
bon dioxide elimination [26].

In addition, basal energy expenditure (BEE) was calculated
by the Harris-Benedict formula [9]. The values of the BEE
(kcal/day) were calculated as follows: males, 66.47 + 13.75 ×
weight (kg) + 5 × height (cm) – 6.76 × age (years); females,
655.1 + 9.56 × weight (kg) + 1.85 × height (cm) – 4.86 × age
(years). REE/BEE was calculated to correct for sex, age, and
build.

Nutritional and inflammation assessments

Nutritional state was assessed with blood tests, caloric in-
take, and nitrogen intake. The blood tests, including the
white blood cell count, C-reactive protein (CRP), and
prealbumin, were evaluated on days 1, 4, 7, 10, 14, and
17–21. Nutritional intake including oral intake, enteral
feeding, peripheral parenteral nutrition, and/or central ve-
nous parenteral nutrition was calculated, and then the ca-
loric and nitrogen intakes were calculated. The collaborat-
ing nutritional support team added supplementary nutrition
according to the patient. Records of nutritional intake were
maintained by nurses of the intensive care unit (ICU) and
neurosurgical ward.

Statistical analysis

The data were analyzed with freely available EZR statistical
software. Differences in the characteristics between the groups
were evaluated by Fisher’s exact test orMann-Whitney U test.
Comparisons between the groups regarding REE/BEE, RQ,
and prealbumin were evaluated by the Student’s t-test because
these data were normally distributed in most measurements.
Comparison between the groups regarding CRP was evaluat-
ed by the Mann-Whitney U test because these data were not
normally distributed at all measurement dates in the coiling
group. Additionally, comparison of REE/BEE between the
groups used repeated measures analysis of variance
(ANOVA). We set statistical significance at p < 0.05. No cor-
rections were made for multiple comparisons.

Results

Patient characteristics

Microsurgical clipping was performed for 16 patients and
endovascular coiling for 14 patients among the total of 30
patients. Decompressive craniectomy was combined with
clipping in four patients to control the intracranial pressure.
All patients underwent procedures including microsurgical
clipping or endovascular coiling for aneurysm only once dur-
ing the hospitalization. Ventricular drainage was placed for
three patients (clipping:coiling = 2:1, 1–21 days, average
9 days), cisternal drainage for 4 patients (clipping = 4, 2–
16 days, average 11 days), and spinal drainage for 6 patients
(clipping:coiling = 2:4, 5–14 days, average 9 days). A shunt
procedure was performed in ten patients (clipping:coiling =
5:5) to treat hydrocephalus. Eleven patients suffered symp-
tomatic vasospasm (clipping:coiling = 6:5), and five suffered
cerebral infarction due to delayed cerebral ischemia
(clipping:coiling = 2:3). Intra-arterial infusion of papaverine
hydrochloride was performed for only one patient after coiling
to treat cerebral vasospasm. All major adverse events within
21 days after the operation were assessed. Nine patients suf-
fered infections, including mild meningitis, respiratory infec-
tion, urinary infection, and unknown sepsis within 21 days
after the operation (clipping:coiling = 4:5). These infections
were treated with antibiotics. Some patients suffered cardiac
dysfunct ion (c l ipping:coi l ing = 2:2) , convuls ion
(cl ipping:coi l ing = 1:1) , deep venous thrombosis
(clipping:coiling = 1:0), and drug eruption (clipping:coiling =
1:0). Blood tests showed liver dysfunction [aspartate trans-
aminase > 90 U/l or/and alanine aminotransferase > 126 U/l
(male), > 69 U/l (female)] (clipping:coiling = 5:2), kidney
dysfunction [creatinine > 1.605 mg/dl (male), >1.185 mg/dl
(female)] (clipping:coiling = 0:1), electrolyte abnormality
(K > 5.5 mmol/l, K < 3.0 mmol/l, Na > 150 mmol/l, or/and
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Na < 130 mmol/l) (clipping:coiling = 6:5), and anemia (hemo-
globin < 10.0 g/dl) (clipping:coiling = 6:2). No significant in-
tergroup differences were found with any of the major adverse
events. The blood tests were assessed by reference to the
Common Terminology Criteria for Adverse Events version
4.0, of the US National Cancer Institute.

The profiles of the groups including age, sex, body mass
index (BMI), World Federation of Neurosurgical Societies
(WFNS) grade, modified Rankin Scale (mRS) at the time of
discharge, incidence of symptomatic cerebral vasospasm or
infarction, and number of shunt procedures are shown in
Table 1 [23]. The median WFNS grade was 2 and mRS was
1 in both groups. No significant intergroup differences were
found in any of the profiles. Both microsurgical clipping and
endovascular coiling were performed for anterior communi-
cating artery and internal carotid artery aneurysms. Only mi-
crosurgical clipping was performed for middle cerebral artery
aneurysms and only endovascular coiling for posterior circu-
lation aneurysms (Table 1).

Measurements of indirect calorimetry

The mean REE/BEE of each group is shown in Fig. 1 and
Table 2. The mean REE/BEE was higher than 1 in both
groups. The mean REE/BEE approached 1 at almost
3 weeks after the operation. The clipping group showed a
significant increase in REE/BEE on days 1 and 4 compared
with the coiling group (p = 0.04 and 0.03, respectively).
The mean REE/BEE on days 1–14 and 1–21 showed no
significant differences between the groups with repeated
measures ANOVA. The mean REE/BEE of the clipping
group increased from the early postoperative period with-
out any obvious peak. The mean REE/BEE of the coiling
group peaked on day 10 (Fig. 1).

Supplementary comparison of all 30 patients evaluated the
mean REE/BEE in various clinical statuses, including mild
(WFNS grade I or II) or severe (WFNS grade III, IV, or V)

SAH grades, with or without symptomatic vasospasm, need or
no need for shunts for hydrocephalus, and lower (0, 1, or 2) or
higher (3, 4, 5, or 6) mRS at the time of discharge on repre-
sentative days 1 and 10 after treatment. The patients with
higher mRS and patients with hydrocephalus treated by shunt
showed a significant increase in REE/BEE on day 10 (p =
0.02 and < 0.05, respectively) (Fig. 2).

Nutritional and inflammation assessments

Prealbumin was measured at short intervals after the operation
(Fig. 3). Prealbumin showed a significant decrease on day 4 in
the clipping group compared with the coiling group. This
significant difference occurred only on day 4, and no differ-
ences were found after day 7. CRP, indicating the inflamma-
tory response, was significantly increased on days 1, 4, and 7
in the clipping group comparedwith the coiling group (Fig. 4).
The mean RQ in both the clipping and coiling groups was not
lower than 0.85 on all evaluated days, suggesting sufficient
nutritional feeding during the postoperative period.

Discussion

The present investigation of the postoperative metabolic state
of patients with aneurysmal SAH using IDC and various nu-
tritional evaluations at short intervals in 16 patients treated by
microsurgical clipping and 14 patients treated by
endovascular coiling found that the mean REE/BEE was
higher than 1 in both groups. The clipping group showed a
significant increase in REE/BEE on days 1 and 4 compared
with the coiling group (p = 0.04 and 0.03, respectively). No
significant differences were found at the other measurement
points. The mean REE/BEE on days 1–14 and 1–21 showed
no significant differences between the groups. Supplementary
comparison of all 30 cases found that the patients with higher
mRS at discharge and with hydrocephalus treated by shunt
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* *Fig. 1 Resting energy
expenditure (REE)/basal energy
expenditure (BEE) (mean ±
standard deviation) of the
clipping and coiling groups. The
clipping group shows a
significant increase in REE/BEE
on days 1 and 4 compared with
the coiling group (*p < 0.05)
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showed a significant increase in REE/BEE on day 10 (p =
0.02 and <0.05, respectively). The clipping group showed a
significant decrease of prealbumin on day 4 and significant
increase in CRP on days 1, 4, and 7.

IDC is the most common method for measuring the energy
consumption of patients. Compared with the conventional de-
vices, smaller simple-to-use portable devices are now avail-
able for critically ill patients in the ICU. Measurement of
energy consumption using IDC is recommended for critically
ill patients [21]. Malnutrition is likely to occur in patients with
SAH because of hypercatabolism with catecholamine surge
[19]. In addition, low plasma osmotic pressure associated with
malnutrition combined with cerebral vasospasm can cause
severe cerebral infarction. However, the metabolic and nutri-
tional states of SAH patients are little understood. Increased
energy expenditure measured using IDC was found in
Japanese patients with ruptured aneurysm [25]. In addition,
REE/BEE reached the maximum level on day 10 after micro-
surgical clipping in 36 aneurysmal SAH patients [10]. The
mean REE/BEE was 1.46 ± 0.24 and 1.98 ± 0.78 in patients
with Hunt and Hess grades 1–2 and 3–5, respectively, which
indicated that energy expenditure increased greatly [10]. On
the other hand, median value of energy expenditure on days 1
and 7 after endovascular coiling for the first time was 1.12

(interquartile range, 1.05–1.23) [14]. A recent extensive sur-
vey of the nutritional state of SAH patients did not adequately
compare aneurysm treatments or changes with time [1].

Energy expenditure after microsurgical clipping has gener-
ally been considered to greatly increase [10, 25]. On the other
hand, energy expenditure after coil embolization was lower
than reported after microsurgical clipping [14]. The present
study first performed direct comparison of the postoperative
energy expenditure using the same measurement method be-
tween the clipping and coiling groups under the control of a
single facility during the same period. Endovascular coiling is
increasingly performed worldwide instead of microsurgical
clipping, but the choice of treatment method tends to depend
on the location of the aneurysm or the difficulty of treatment in
Japan at present [13]. For this reason, the endovascular coiling
group included a few cases of posterior circulation aneurysm.
In contrast, no significant differences were found in the patient
profiles including age, sex, BMI, incidence of symptomatic
cerebral vasospasm, WFNS grade, adverse events, and mRS
at the time of discharge.

The clipping group showed significant increases in REE/
BEE on days 1 and 4 compared with the coiling group. CRP
of the clipping group greatly increased on days 1 and 4 com-
pared with the coiling group, which reflected the invasiveness

Table 2 REE/BEE (mean ± SD) of the clipping and coiling groups

Group Day 1 Day 4 Day 7 Day 10 Day 14 Days 17–21

Clipping 1.23 ± 0.17 1.25 ± 0.12 1.21 ± 0.17 1.24 ± 0.21 1.23 ± 0.18 1.05 ± 0.21

Coiling 1.08 ± 0.22 1.15 ± 0.14 1.18 ± 0.15 1.21 ± 0.13 1.14 ± 0.19 1.10 ± 0.17

p Value 0.04 0.03 0.57 0.62 0.19 0.46

BEE basal energy expenditure, REE resting energy expenditure, SD standard deviation
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Fig. 2 REE/BEE (mean ±
standard deviation) in various
clinical statuses on days 1 and 10.
Higher modified Rankin Scale
(mRS) group and patients with
hydrocephalus treated by shunt
show a significant increase in
REE/BEE on day 10 (*p < 0.05).
aREE/BEE of the patients inmild
World Federation of
Neurosurgical Societies (WFNS)
grades and severe WFNS grades.
b REE/BEE of the patients with
and without symptomatic
vasospasm. c REE/BEE of the
patients with and without shunt
procedure. d REE/BEE of the
patients with lower mRS and
higher mRS
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of craniotomy during the early postoperative period.
However, the mean REE/BEE on days 1–14 and 1–21 showed
no significant differences between the groups. The present
findings may indicate that the clipping group was in the hy-
permetabolic state compared with the coiling group during the
very early postoperative period (< day 7). Consequently, the
effects of surgical invasiveness may be partially masked by
the systemic reactions caused by the SAH and complications.
Supplementary comparisons of all 30 patients found that pa-
tients with higher mRS at discharge and patients with hydro-
cephalus treated by shunt showed significant increases in
REE/BEE on day 10 (Fig. 2), suggesting that complications
and the associated stress may cause changes in the postoper-
ative metabolic balance. The REE/BEE of the coiling group
in our study was close to Nagano’s measurement value
[14], but the values of the clipping group in our study were
far below Kasuya’s measurement values [10]. Clearly, coil
embolization is less invasive than microsurgical clipping
with craniotomy. However, the difference in overall meta-
bolic state and energy consumption associated with the
treatment modality was relatively small compared to the
effect of the SAH and of the sequelae during the perioper-
ative period after aneurysmal SAH.

Recent remarkable developments in interventional radiolo-
gy (IVR) have lead to changes in the field of cardiovascular
diseases. Many comparative trials have been reported in this
field [2, 5]. Coil embolization has similar or greater safety and
efficacy compared with microsurgical clipping [13]. Coil em-
bolization is thought to be minimally invasive, partly because
craniotomy is not required. However, our findings suggest that
the invasiveness of craniotomy may not be such a big disad-
vantage compared with IVR for patients with acute SAH re-
garding the overall metabolic state and energy consumption.

Nutritional management of patients with severe acute con-
ditions is controversial, but trophic feeding is considered help-
ful and overfeeding is harmful [4, 6, 15, 18]. The present study
found lower increases in REE after both clipping and coiling
compared with previously reported findings after microsurgi-
cal clipping. Therefore, the measurement of individual energy
consumption using IDC is helpful for prevention of overfeed-
ing after surgery in patients with SAH.

The present study only included a small number of cases,
so further experience is necessary. Selection of microsurgical
clipping or endovascular coiling was decided by the neurosur-
gical team comprehensively, so the selection bias may have
affected the results. In addition, although the nutrition
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administration policy was basically unified for all patients,
differences in administration method, nutritional components,
and amount of nutrition may have affected the results.

Conclusions

The present study found that patients who underwent clipping
were in the hypermetabolic state compared with patients who
underwent coiling during the very early postoperative period,
but this difference was relatively small during the overall peri-
operative period after SAH compared to the effects of the
SAH and of the sequelae.
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