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Background: Surgical stress response is among the most severe stress tolerated by the patient, which needs suppression by anesthesia.
Objectives: We assessed the effect of three methods of anesthesia on postoperative levels of pro-brain natriuretic peptide (pro-BNP) to 
determine the most effective one in preventing surgical stress response.
Patients and Methods: In a randomized clinical trial, 120 patients who were 18 to 65 years old and met inclusion and exclusion criteria 
were selected and randomly allocated to three groups of 40:Group A, general anesthesia plus epidural catheter; Group B, general 
anesthesia and intravenous patient-controlled analgesia; and Group C, spinal anesthesia plus intravenous patient-controlled analgesia.
Results: There was no difference between three groups for basic characteristics and variables and baseline pro-BNP levels; however, 
postoperative pro-BNP levels in Groups A, B, and C were respectively63.8 ± 10.1, 83.2 ± 12.3, and 51.5 ± 8.5 ng/L (ANOVA, P = 0.01).
Conclusions: The results of the current study suggested that spinal anesthesia plus intravenous patient-controlled analgesia have the 
most favorable cardiac effects regarding postoperative levels of pro-BNP.
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1. Background
Surgical stress response, including the intraoperative 

and postoperative acute pain, is among the most severe 
burden of stress tolerated by the patients. Anesthesia is 
used to suppress the stress response and make surgical 
manipulations more tolerable. Nonetheless, anesthesia 
could not be always performed perfectly to completely 
abolish the imposed surgical stress. In response to the 
imposed stress, the homeostatic status of the patients 
might change. Cardiovascular system is among the most 
important systems affected by homeostasis and brain-
typenatriuretic peptide (BNP) has been shown to be a 
good marker of myocardial injury (1, 2). In addition, BNP 
and N-terminal-pro-BNP have been shown to be useful 
prognostic tests in predicting the clinical outcome after a 
number of surgical operations (1-12). Higher levels of BNP 
and N-terminal-pro-BNP could detect high-risk patients 
who are undergoing operation for "major noncardiac 
surgery" regarding "cardiac mortality, all-cause mortali-
ty, and major adverse cardiovascular events" (9). Different 
anesthesia methods do not have the same effect on clini-
cal outcome regarding their efficacy in suppressing this 
stress. A combination of the analgesic methods could be 
more effective while having fewer adverse effects of the 
anesthetics.

2. Objectives
In this study, we aimed to assess the effect of three anes-

thesia methods on postoperative levels of pro-BNP to de-
termine which of these methods could prevent adverse 
effects of the surgical stress response.

3. Patients and Methods
In a randomized clinical trial, after considering the in-

clusion and exclusion criteria and after taking informed 
written consent, 120 patients were selected from all the 
patients entering the orthopedic operating room. The 
following conditions were considered as study inclusion 
criteria:

-Patients with 18 to 65 years of age
-Being operated by the same orthopedic surgeon
-Elective surgery
- Only lower limb operation
In addition, the following conditions were considered 

as exclusion criteria:
-History of underlying medical disorders
-History of drug or substance abuse
-Emergent or urgent surgery
-History of underlying low back pain
-Any decision by the patient to quit the study at any 

time during the perioperative period
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-Any technical failure that led to change the plan of 
study was conducted to exclude the case from the survey

The patients were randomly allocated to three groups 
of 40 based on a random table of numbers. 

Group A: patients were anesthetized using general an-
esthesia (GA) for the surgical operation; moreover, an 
epidural catheter was inserted to administer epidural an-
algesia during the postoperative period. Therefore, they 
were the GA plus lumbar epidural analgesia (LEA) (GA + 
LEA) group.

Group B: Patients were anesthetized using GA for the 
surgical operation; in addition, intravenous patient-con-
trolled analgesia (IVPCA) was used for suppressing acute 
postoperative pain (GA + IVPCA group).

Group C: Patients were anesthetized using spinal anes-
thesia for the surgical operation; in addition, IVPCA was 
used for suppressing acute postoperative pain (Spinal + 
IVPCA group).

The patients were anesthetized by a constant anes-
thesiologist. Moreover, all the patients were visited the 
night before the operation by a constant colleague to 
obtain written informed consent and description of 
the study. During any stages of the study, if any patients 
decided to leave the project, it was enough to tell one 
of the study colleagues. After patient entry to the oper-
ating room, each patient was visited by a constant col-
league who had not been in touch with the patients the 
last night; moreover, he did not have any affairs regard-
ing patient care in the postoperative period. Instead, 
another colleague outside the operating room visited 
the patients for postoperative care (including postop-
erative acute pain management). Inside the operating 
room, each patient was randomly allocated to one of 
the study groups. Selection for entering each group was 
done using a table of random numbers. GA in group A 
and B were done using the same method. In group C, 
the patients received spinal anesthesia using a 25G spi-
nal needle, through the L3 - L4 interspace and median 
approach. While monitoring the patients, they were se-
dated and then, changed to lateral decubitus position. 
Then the location was prepared and draped. A guardian 
nurse looked after the patient in this position. Then 3.5 
mL of plain bupivacaine was administered after achiev-
ing positive result in barbottage test. At the end of the 
surgery, the patients were transferred to the post anes-
thesia care unit (PACU). The anesthesia block level was 
managed to be at about the level of T10. For induction of 
GA in groups A and B, after application of standard mon-
itoring devices including electrocardiography, oxygen 
saturation, and noninvasive blood pressure monitor-
ing, the patients received 10 mL/kg of lactated Ringer’s 
solution in 15 minutes. Then the patient received 0.02 
mg/kg of IV midazolam accompanied with 2 µg/kg fen-
tanyl, 5 mg/kg of sodium thiopental, and 0.5 mg/kg of 
atracurium. Then they were intubated and received0.6% 
to 1.2% isoflurane through inhalational route to keep 
Bispectral index (BIS) level in the range of 40 to 60 out 

of 100. In addition, neuromuscular monitoring was 
used to monitor administration of atracurium during 
operation and for reversing their effects at the end of 
surgery. For all the patients, tourniquet was applied. Af-
ter termination of the operation, reversal of neuromus-
cular blockade and recovering full consciousness, the 
patients were extubated and transferred to the PACU. All 
surgeries lasted shorter than three hours. If duration of 
surgeries were longer than three hours, blood loss was 
more than 1 L, or patients were hydrated more than 4 
L during the operation, the cases were excluded from 
the study. In addition, any technical failure that led to 
changing the plan of study would exclude the case from 
the study. Preoperative plasma BNP levels were mea-
sured using the venous blood samples the night before 
operation; in addition, postoperative samples were tak-
en 24 hours after surgery. For measurement of pro-BNP, 
we used the following method: 

For preoperative plasma BNP measurement, we took 
a venous blood sample in a lithium-heparin tube and 
transferred them to a constant laboratory, using a box 
with room temperature. We had our patients to lie su-
pine and calm for 15 - 20 minutes, without stress or agita-
tion; since we wanted to eliminate confounding agents 
of plasma pro-BNP levels. Bayer ADVIA Centaur™ immu-
noassay operation (Bayer Healthcare LLC, Diagnostic divi-
sion, Leverkusen, Germany) was our measurement meth-
od for plasma pro-BNP levels (13). Data entry and analysis 
was done using SPSS 16(SPSS Inc., Chicago, IL, USA). Data 
analysis was performed through ANOVA. P value < 0.05 
was considered statistically significant.

4. Results
There was no difference between the study groups re-

garding basic characteristics and variables including 
age, duration of surgery, and duration of recovery stay 
(Table 1). In addition, the three groups had no signifi-
cant difference regarding baseline pro-BNP levels. Base-
line and postoperative pro-BNP levels are demonstrated 
in Table 2.

Table 1.  Preoperative Characteristics of the Patients in Study 
Groups a

Variable Spinal + IVPCA b GA + IVPCA GA + LEA b P Value

Age, yr 25 ± 6 26 ± 7.2 24 ± 4 > 0.05

Height, cm 170 ± 12 168 ± 14 169 ± 12 > 0.05

Weight, kg 74 ± 13 74 ± 12 75 ± 11 > 0.05

Gender > 0.05

Female 5 4 3

Male 35 36 37
a  Data are presented as Mean ± SD (Standard Deviation); each group 
consists of 40 patients.
b Abbreviations: IVPCA, intravenous patient-controlled analgesia; 
GA, general anesthesia; LEA, lumbar epidural analgesia; and ANOVA, 
analysis of variances.
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Table 2.  Preoperative and Postoperative BNP Levels of the Study Groups (n = 40) a, b

Variable Spinal + IVPCA GA + IVPCA GA + LEA P Value for ANOVA

Preoperative BNP, ng/L 27 ± 6.2 29 ± 4 28 ± 5.7 > 0.05

Postoperative BNP, ng/L 51.5 ± 8.5 83.2 ± 12.3 63.8 ± 10.1 0.01
a Abbreviations: IVPCA, intravenous patient-controlled analgesia; GA, general anesthesia; LEA, lumbar epidural analgesia; ANOVA, analysis of variances; 
and BNP, brain-type natriuretic peptide.
b Data are presented as Mean ± SD (Standard Deviation); each group consists of 40 patients.

5. Discussion
The results of this study demonstrated that different 

anesthesia methods have different outcomes regarding 
the increase in postoperative levels of pro-BNP in patients 
undergoing orthopedic surgery. Patients receiving intra-
operative spinal anesthesia accompanied with postoper-
ative IVPCA had the least amount of increase in pro-BNP 
followed by GA plus LEA and GA plus IVPCA. These findings 
suggest that spinal anesthesia plus IVPCA was the most ef-
fective method in controlling surgical stress response. A 
systematic review and meta-analysis demonstrated that 
"elevated BNP or N-terminal-pro-BNP level" could be "a 
powerful predictor of mortality in septic patients" (11). 
Moreover, another study demonstrated that in patients 
admitted to intensive care unit, N-terminal-pro-BNP was 
elevated in correlation with the severity of illness and 
also, N-terminal-pro-BNP is an independent predictor of 
mortality" in critical care patients (4). Furthermore, in 
patients undergoing cardiac surgery, BNP could predict 
clinical outcome after surgery and is superior to tradi-
tional single marker approach (7). Moreover, in patients 
undergoing surgery of the abdominal aortic aneurysm, 
BNP levels had a strong correlation with postoperative 
cardiac events (10). Another study demonstrated that in 
patients undergoing emergent no cardiac surgery, ad-
verse long-term clinical outcomes in patients at higher 
risk could be predicted when there was increased level 
of preoperative N-terminal-pro-BNP (5). Finally, another 
study demonstrated that in elderly patients undergoing 
surgery due to traumatic hip fracture, increased levels of 
preoperative BNP could discriminate major echocardio-
graphic abnormalities (8). This final study had some com-
mon point with our study; however, there was no other 
study with similar methodology. Moreover, it could let 
us discriminate between the three methods regarding a 
sensitive marker for stress response.

5.1. Study limitations
There are a number of limitations to our study. The 

main limitation was a few pro-BNP checks in our study; 
in other words, we had one preoperative assessment and 
one postoperative assessment. More frequent assess-
ments and calculating the area under curve for pro-BNP 
could have helped us to achieve more precise results. In 
addition, while the results show that the level of BNP in 
the spinal plus IVPCA was lower than other groups, the 

design of the study could not discriminate the effects of 
spinal anesthesia and postoperative IVPCA separately; 
the same limitation existed for postoperative epidural 
block. According to earlier studies, inflammatory mark-
ers could predict mortality in poor medical conditions 
such as in sepsis or after on-pump cardiac surgeries. How-
ever, it is not clear whether it could predict value work in 
less severe medical conditions such as an uncomplicated 
orthopedic surgery and whether we could translate our 
findings from less severe degrees of inflammation to bet-
ter outcome in otherwise healthy candidates of surgery. 
Our current study does not demonstrate any specific 
finding regarding this issue and future studies should as-
sess this hypothesis.
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